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Executive Summary

Introduction
This document presents a focused draft Feasibility Study (FS) prepared by
RETEC on behalf of The Port Quendall Company (PQC) in support of PQC's due
diligence. The report is subject to the disclaimer provisions found in Section 1.3.
PQC is evaluating the feasibility of purchasing four adjoining parcels located
along the eastern shores of Lake Washington. Two of these parcelsjfj!>. H. Baxter
and Quendall Terminal, are extensively contaminated WJitfc cojflMar and wood
preserving compounds due to historical industrial,pperatii(M^.(|^£he site. This FS
focuses on those two sites. jjjj^ 4*

There has been extensive interaction with lSresourc:e^gencie^^ |̂̂ selerl in
the preparation of this draft FS. Addidonafsite^inyjstigations wilî |̂ |Epifed by
the Department of Ecology before approviM^%ll.|ial cleanup plan^for the site.
However, sufficient information exists at this^Sp^piefine the range of feasible
alternatives for these two sites. ^^ -sS;- .̂.̂ -^ ,;^

^ _
In developing this FS, RETEC summlli|e|||existing îl|||̂ mation on the sites,
collected additinal sediment data'cBfrfWtel^a comrehensivecollected additional sediment dataT'cBfrfpWtel^a comprehensive eroundwater

£)&' ^^^ff^^^y^- •*%''
model for the site, initiated soU|ahd grouJow^^l^^iDility studies and screened
a number of remedial tec^plogies^o^presuW^we^ remedies which meet the
requirements of the ModelWoxics .Control Aef'(MTCA).

1 ^pfLrffr j.V.:. i=S,'

, f

Site Characteristieir '

Thelsite is located**H%the formetteftafof "May and Gypsy Creeks. The shoreline
X^v,-?S-."'•-%$*. .££•*;'::"-.• ̂ •L!y-"r>v'!v-.'''- '^giif'Vt- *7*T' •' J L J

^n:x&K&**T-~iS:<&&x:3>~x2.,j ^& io££Qon of these former channels has changed
ipddition, a substantial amount of filling has occurred

Pffglsubsurface geology is highly heterogeneous, but can
zone, an

zone and a lower sand zone. Depth to bedrock varies
^greatly but is generaUy'telieved to be greater than 150 feet along the current Lake

:ff Washington shoreline.

ri|^ Groundwater4s found at depths of less than 10 feet below ground surface on the
^^^^uplandSj.affd discharges towards Lake Washington. Groundwater velocities are
^u |̂|M|||errange of 0.05 feet per day in the silty peat zone and 0.5 feet per day in the
'"• |̂ffoyisSr' sand unit. The lake bottom is generally less than 30 feet deep within the

Outer Harbor line and is relatively flat.

CP 000923
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Geotechnical studies conducted during this study indicate that the soils are
compressible and subject to liquefaction. Any substantial buildings on the site
will need to be supported by piles to depths greater than 90 feet.

Nature and Extent of Contamination
The principal constituents of concern on the Quendall site are polynudear
aromatic hydrocarbons (PAHs) and benzene, which are associated with the
former coal tar refining process. The primary constituents of concern at the
Baxter site are PAHs and pentachlorophenol. Sediments a$e> primarily
contaminated with PAH. In addition, a large portion ofJhe sedjprients contain
wood waste from former and current in-water log raftingl^^FMbns.

The available soil, groundwater and sedimeni^lata was^eSfelatlilto regulato
" H£'& t™Pf' ^£&Vi!S£35'wK ° Jff

screening criteria. In addition, field obseSwations oMfee
O ' g??A <&y ,-a.v^-.

compiled to estimate the extent of free aijpliesiduM'dense nori^^p^®slphase
liquids (DNAPLs) in the subsurface. Ovef̂ §|1^00 cubic yards oWSil exceed
regulatory screening criteria. Approximatel^|^@Bp cubic yards of soil are
considered highly contaminated and contain'*>iWef|fflMor residual DNAPL.

O J -e>- XWW-SSii^sfef-

Approximately 30,000 cubic yards jpjps |̂|i?pents contaiplp^H compounds that
exceed 100 mg/kg PAH. An additi^nal^S^^Hfeubic yajps of sediments contain
wood waste that is greater thatjt©' percen%%ly^l&ie^IOver 100,000 cubic yards

^ £:x$- ** .«>j* ^ f̂̂ i'̂ î̂ S'-î -rrt ^

of sediments contain measurable woo'cl-5 wastefewMtf'is less than 50 percent by
&£T- '£••-: ^*J$3££fj'''' *• ^

volume. „£& J* **

Groundwater exceeds applicable^sSace v^a|¥f criteria over most of the study area.
Free^phase produe^ihafs|been obs^-MellliSl§everal wells on the Quendall property.

-f-'wy- r «;'te<~ss.%sis ^V.-'.a-s"''.';*;'-;-*'' ^ r r J
,.-sKSstk,, ^gl̂ fp^pi tiSftS§PH

4^9&^^ ^S^S Î̂ ^ • '"Wa.̂

Rem î̂ ÎjterinH^^Analysis
An iru'fi^^^nplogy'sl^^niiig^was conducted to evaluate potential remediation
techn^Qg^s |̂|jicable tib^he site conditions within the context of the proposed
property reHe|;i[||,p1jient. The applicable technologies were combined into a set

jtDf'five soil all?||ff||ifes^ three groundwater alternatives, four containment wall
Jjjl alternatives ana|ri^ey sediment alternatives and screened for implementability,

i§|" effectiveness arfl costs. Following this screening, the remaining alternatives were
,fi& combined intcj' four comprehensive soil and groundwater alternatives and three
•il^^K^omprehervsive sediment and containment wall alternatives. Table E-l
;.r^i'-iy^7-,.™mn^;Voo these two basic groupings.

The alternatives were analyzed for compliance with the requirements for remedy
selection in the MTCA which include:

CP 000924
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Table E-1 Summary of Media-Specific Remedial Alternatives

Alternative
Number

AGO

AC I

AC2

ACS

)
3

AC - Soil and Groundwater
Treatment

Mo soil treatment

Hazardous Waste

Nearshore DNAPL

A11DNAPL

DNAPL Recovery

North Sump
Quendall Pond
Former May Creek

North Sump
Quendall Pond
Former May Creek

North Sump
Former May Creek

North Sump

Cap

All areas exceeding
Method B criteria

Remaining areas exceeding
Method B criteria

Remaining areas exceeding
Method B criteria

Remaining areas exceeding
Method B criteria

Groundwater

Jiosparge and
pump-and-treat

Siosparge and
pump-and-treat

Biosparge and
pump-and-treat

Biosparge

Alternative
Number

BDO

BD1

BD2

BD3

BD - Sediment and Containment Wall
Treatment

-

Remove/Recycle
Wood Waste

CDF - 2.9 acres
Dredge and CDF

T-Dock
Nearshore Toe

Excavate Baxter Cove
Grey Zone Natural Recovery

Remove/Recycle
Wood Waste

Cap Nearshore Benzene
Dredge and Upland Mgmt

T-Dock
Nearshore Partial

Excavate Baxter Cove
Grey Zone Enhanced

Natural Recovery

Remove/Recycle
Wood Waste

Dredge and Upland Mgmt
Grey Zone
T-Dock
Nearshore to max.
5 feet below mud line

Excavate Baxter Cove

Mitiqation

,

Wetland Replacement
Gypsy Creek Realign
2.9 acre CDF mitigation

Wetland Replacement
Gypsy Creek Realign
0.5 acre fill mitigation

Wetland Replacement
Gypsy Creek Realign

Containment Wall

-

Nearshore Wall
(2.9 acre CDF)

Nearshore Wall
(0.5 acre cap)

Upland Wall

o
o
o
<£»roen

Executive Summary



Feasibility Study

Protection of Human Health and Environment
Long Term Effectiveness and Permanence
Short Term Effectiveness
Reduction of Toxicity, Mobility and Volume Through Treatment
Implementability
Cost

Table E-2 summarizes the results of this analysis for the combined soil and
groundwater alternatives, and Table E-3 summarizes the results for t|ie combined
sediment and containment wall alternatives.

J!k

Alternative #1:
AGO + BD1

Alternative #2:
AGO + BD2

Alternative #3:
AGO + BD3

Alternative #4:
AC1 + BD1

Alternative #5:

4

No Soil Treatment ariilcontainment of seEimeiitisiSnla 2.9-
.'Ktpi'/i.. .f.f

acre confined disposalM&hWYCDF)
JT '̂ jS'j^.^V-V'̂ '-Ti" v '

No Soil Treatment
acre confined

Containment in a 0.5-

of

Hazardous Wasife Treatmeri'Fand CDF^jcftyii' ^pr ,s p
f . -

"

"Js "TV^V

' •• '̂̂ ip?
' -,J :̂t̂ ,
!"fti|,
f»a?

,
M^ste sEreatment and Nearshore Containment
*i?< -̂7s-: ;<;\5K';Kffij..f '"

ACI Iwir^
,J«V

.,. ̂ §ss^v
Alternative

BD1

r«^»:s,.M^Wv,v.u Waste Treatment and Upland
^*o^. v'j'y j'J-StViV^Ct^f.

Tfea|nMnt/Disposal of Sediments

,;Nearshore DNAPL Treatment and CDF

Alternative #8
AC2 + BD2

Nearshore DNAPL Treatment and Nearshore Containment

•#9: Nearshore DNAPL Treatment and Upland
BD3 Treatment/Disposal of Sediments

CP 000926
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Table E-2 Detailed Evaluation of Soil and Groundwater Remedial Alternatives

Alternative

AGO
No Soil Treatment

AC1
Hazardous Waste

Treatment

AC2
Nearshore DNAPL

Treatment

3
All DNAPL
Treatment

'

Long-Term
Effectivness

Potential long-term
exposure concerns

LOW

Potential long-term
exposure concerns

LOW

Reduced long-term
exposure concerns
near receptor

MODERATE

Limited long-term
exposure concerns

HIGH

Short-Term
Effectivness

Limited short-term
exposure for workers

HIGH

Limited short-term
exposure for workers

HIGH

Some short-term
exposure for workers

MODERATE

Significant short-term
exposure for workers

LOW

Reduction in
Mobility.Toxicity

and Volume

Minimal contaminant
volume reduction
(0 tons PAH)

TPAH 95% UCL
9,862 mg/kg

LOW

Minimal contaminant
volume reduction
(9 tons PAH)

TPAH 95% UCL
5, 169 mg/kg

LOW

Limited contaminant
volume reduction
(174 tons PAH)

TPAH 95% UCL
3,601 mg/kg

MODERATE

Significant contaminant
volume reduction
(543 tons PAH)

TPAH 95% UCL
886 mk/kg

HIGH

Ability to
Implement

Easy to implement

HIGH

Easy to implement

HIGH

Requires temporary
piling and dewatering
for excavation

MODERATE

Requires temporary
piling and dewatering
for excavation

LOW

Cost

$10.4 M

$11.1 M

$12.8 M
Excavation &. Thermal

$12.6 M
In-Situ Stabilization

$14.3 M
Excavation & Thermal

$15.6 M
In-Situ Stabilization

o
"D

O
O
O
to
N3
-si Notes: All remedies meet the minimum threshold of effectiveness provided that they are applied in conjunction with suitable

groundwater and containment wall remedies.
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Table E-3 Detailed Evaluation of Sediment and Containment Wall Remedial Alternatives

Alternative

BD1
CDF

BD2
Nearshore Containment

BD3
Dredging

Long-Term
Effectivness

Only North Sump
remains long-term
concern

HIGH

North Sump and
Quendall remain as
long-term concerns

MODERATE

Only North Sump
remains long-term
concern

HIGH

Short-Term
Effectivness

Some short-term
exposure for workers

MODERATE

Some short-term
exposure for workers

MODERATE

Some short-term
exposure for workers

MODERATE

Reduction in
Mobility.Toxicity

and Volume

Limited volume reduction
since PAH-impacted
sediment is contained

LOW

Significant PAH
volume reduction

MODERATE

Near complete PAH
volume reduction

HIGH

Ability to
Implement

Requires construction
of in-water benn

MODERATE

Requires placement of
containment area
in-water

MODERATE

Requires extensive
dredging in the
Quendall nearshore

MODERATE

Cost

$9.6M
Mechanical

$9.5 M
Hydraulic

$11.1 M
Mechanical

S11.3M
Hydraulic

$13.5 M
Mechanical

$13. 7 M
Hydraulic

Notes

Contains all impacted
sediment and NAPL
except North Sump

Some NAPL remains
beyond wall at North
Sump and Quendall

Removes all impacted
sediment

NAPL remains at North
Sump and Quendall

o
Tl

O
O
O
CD
ro
00
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Alternative #10:
ACS + BD1

Alternative #11:
ACS + BD2

Alternative #12:
ACS + BD3

All DNAPL Treatment and CDF

All DNAPL Treatment and Nearshore Containment

All DNAPL Treatment and Upland Treatment/Disposal of
Sediments

Table E-4 presents a summary of the 12 site-wide alternatives. XKpFalternatives
range in costs from $18.6 million to $28 million. The mor||e2p^sive alternatives
provide a greater degree of contaminant removal̂ howe\̂ |||̂ p^!are considerably
more difficult to implement and may have^Mveirse sh<5rlifemfenpactsr J ^M*"'V>ggSgg&&f~:?-
would require mitigation and/or specific wajler

^¥£&. . -, ?'

CP 000929
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Table E-4 Summary Evaluation of Site-Wide Remedial Alternatives

Site-Wide
Remedial

Alternative

Alternative #1
-ACO + BD1

Alternative #2
- AGO + BD2

Alternative #3
- AGO + BD3

Alternative #4
-AC1 + BD1

Alternative #5
-AC1 +BD2

Alternative #6
-AC1 +BD3

Alternative #7
-AC2 + BD1

Alternative #8
- AC2 + BD2

Alternative #9
- AC2 + BD3

Alternative
#10-AC3 +
BD1

Alternative
#11 -AC34^

.gftgfi'SC.
BD2 ,4pl8ii

.-v^'IjVVv^v^:
^•AXr*'fiT:£i£rv~

Alternativel|*gt||i
#12-AC3 -^Hf
BD3 j

Long-Term
Effectiveness

Low
High

Low
Moderate

Low
High

Low
High

Low
Moderate

Low
High

Moderate
High

Moderate
Moderate

Moderate
High

High
High

High;% 1
Moder-ate^ftel

,..
§|*> High^^fll
Kfte's 0 -%c

PPSiHigh ^

*'*3̂ s:.;&.

Short-Term
Effectiveness

High
Moderate

High
Moderate

High
Moderate

High
Moderate

High
Moderate

High
Moderate

Moderate
Moderate

Moderate
Moderate^ifv

,«!*£•'«;
t̂ n-v.*- •

Moderate*
x^e-1?

Moderate*'.-$•

,^W J•;.;?Moderate.*r
,rn-:y M
;.:-'; "• ..!̂

^' L0^^,
i Mode^i^l
1 î§s*
^-^^Low
'^v^^Moo'erate
.>•.• ::23SS;;>-•••-., ••• isss??-

Reduction in Mobility,
Toxicity and Volume

Low
Low

Low
Moderate

LowHish A
Jl°w

.(TlVj.'î iSsk "'̂ •JS.̂ SK

4^>w 1̂
-»'»'•" T .î '̂'̂ Low j|?r '

fs'fModeratefi?-'
-:•:-:. .*.V-V'

ifti^7^

•&••' LBwiiiî
"^Szriivi^vi^iW

X'iWP-'-'T;;"'̂ ^^
^^§v Moderat£!£¥gSfp

E.UtV-?-->''-V.-^.rt., -*W!!i
"^cSsfv, Jw-'iae-i*- .• v«--
J-vp-SMMe-rate ,^J

^^•^;P¥p^w^?;

^T ••^$s?H-iferfe|'
d;-if *r»aseB!S«S3-.-?
>• XiSSK^pSS^"«MigK

KV-i i
;K^ Low

•$"'

^P High
pp* Moderate

High
High

Ability to
Implement

High
Moderate

High
Moderate

Hp
Moderateŝas.'

i.:»riSKr'

sW High
aiSsS*. 5

saM'oderate
•SJSiW.iKt,

w -̂ii?^1**! i'='i*::iir; ' • >•-^Moderatei-w.
h3S%iS.̂ =1JF .XvA'i

''ia'SSi?,'.--''.̂ ?nagte^"
Moderate

Moderate
Moderate

®- Moderate
Moderate

Moderate
Moderate

Low
Moderate

Low
Moderate

Low
Moderate

Cost

$18.6 M

$20.0 M

$23.3 M

$19.3 M

£>
$2^1 M

iF
f" $24 M

$21.1 M

$22.9 M

$25.8 M

$23.3 M

$25.1 M

$28.0 M

NOTE: All reme'dies^irieet the minimum threshold of protectiveness.

CP 000930
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1Introduction

This document presents a focused Feasibility Study (FS) for the Port Quendall
Project Area performed by Remediation Technologies, Inc. (RETEC) for Port
Quendall Company (PQC) (a.k.a. JAG Development, Inc.). The work was
conducted in cooperation with the Washington State Department of Ecology
(Ecology) and other regulatory and resource agencies in the context of
negotiations for a Prospective Purchasers Agreement (PPA) and ap, associated
Consent Decree. The FS discusses site history, geology,, hydrology, current
environmental conditions and evaluates remedial ̂ J |̂|rn|ifeves for soil,
groundwater and sediment contamination
project area against criteria defined
WAG 173-350 and 173-360). The
Washington in Renton, Washington
is illustrated in more detail on Figure

The submittal of this FS to Ecology and.^tvnfe '^ifeisfagencies addresses several
\JJ ;•';.'•£• ^'•^'•V'fwiH'li^TT'V

required elements for the initial and detailed "'K3|ilMlilarnittals pursuant to
1 -, .>;,, %-^^Vn^Sfttriir^--,. *•

Ecology's Prospective Purchaser AgreemeniM^fe^m Polic
-

1.1 Scope of the PQC [jif ^•t^8SS^
. ,

PQC is considering the purchase of foM' properpeWocated along the eastern shore
of Lake Washington These properties, cjpectively referred to as the Port
Quendall project area^include th|;ifbllowin^

4@s$$x H. Baxter^orth and|$|lijtP^rcels)
ĵjj*^ ""^ ""'-

iEnas entered into.purchase and sale contracts or option agreements with the
Current owners^of £he 'Baxter, Quendall and Pan Abode properties. Separate

,||f negotiations are>underway to finalize an agreement for the Barbee Mill property.
''

Prior to completing the purchase of the properties, PQC is completing a 1-year
that runs through November 4, 1997. The objective of the

is to assess the feasibility of redeveloping the subject
a mixed-use, high-technology "campus." A critical portion of the

due diligence process is to determine the costs and other resources required to

CP 000939
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Feasibility Study

comprehensively address all MTCA and related environmental liability issues
associated with the subject properties.

During the due diligence period, PQC has worked with the property owners,
Ecology and other resource agencies under the PPA framework in order to
determine what measures will be required to address environmental
contamination problems prior to redevelopment of the properties.

Soil, groundwater and sediment contamination resulting from past §ite activities
is known to exist on the Quendall Terminals and Baxter propertied? A state-led

fi'*x ,/£&-"
cleanup process is in progress and extensive environment|||aata|a-fe available for
these properties. After reviewing the findings plfehe sta€ef[f§|Meanup process to
date, PQC concluded that a Consent Decrejfprould be Ml|!|Mpa^ministrati.p|e
approach that could satisfactorily address P@Es MTCA^laSbilftlpirferns relatingrr J |2?.f ftfar -v=^v:j,.i;-i^-.-. ^ -vSyv1 °

to the pending purchase of these two propepiaes. Pjp^S selected^lnpJIP^^rbcess
as the best available mechanism to obtain a|p|||p[|tput regarding tM|site*cieanup
requirements for these properties. <s^a;^^

The development of a Consent Decree requires tn^^mglgtion of several tasks,
including this FS and preparation of a,QM|tup Actioh l̂|fii||̂ AP). The Consent
Decree will be simultaneously n|g®|t|i|lt;o implelnipht the CAP and to
comprehensively address site liability issuWHike con/tent of the CAP and the

J /Vli.̂ " J •fy.'T ^"^^t^^.^iirf '̂-^^r

content, form and timing of Mie Consent De'dreeiwcil'l be developed during the
O ,/£'"!'" .*!i&' *£y*:T^";!:£V* y'*' ^ ^

remainder of the 1 -year duextiligence*processiP^^

The schedule for a CAJP and Co^sjlnt Decifl is predicated on the construction
schedule for Phased o'§the Port^feida|pedevelopment project. This phase of

.•j**-•. j'':̂ ?Hl;£», fl̂ -tf '•'̂ ?-^*1V££':-ilf :V**~i! '̂

pr^e|̂ onstruG|®i||must be cor||i3l|̂ Pand the buildings ready for occupancy by
l:9̂ V!e||p|eir of l'9^§ În: order to" meet this schedule, the remedial work in the
uplanii^l^be inMMied b^/larch of 1998. The CAP and Consent Decree must
be in piaeppri'Qr to iriitiatipr$6'f this remedial work.

ir

1.2 Scope ciffeFeasibility Study
FS is inten^edjto address environmental contamination problems within the

Jff Port Quendall|p;roject area, particularly those associated with the Baxter and
Hj$j$. Quendall pijpjperties. In addition, during the due diligence process, Ecology
l^lrltfeexpressed.^hcern regarding the potential presence of wood waste in harbor
fi^^e^iments7 adjacent to the Barbee Mill property. After consultation with and
^I^MalKorization by the owners of Barbee Mill and the Department of Natural

•"•*-;î :;-: £?,£;•;>:"' ' *•

'"Resources (DNR), sediment sampling data for this area were incorporated into
the Port Quendall feasibility study analysis

CP 000942
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Feasibility Study

The objective of the FS is to develop several protective remedial alternatives for
the site from which Ecology and PQC will develop the preferred remedial
alternative. If PQC elects to purchase the subject properties, this alternative will
then be implemented with a CAP and Consent Decree.

Ecology has provided regulatory oversight for the FS process under a Prepayment
Agreement with PQC signed in October of 1996. Additional regulatory and
resource agencies which have also participated in the FS process are:

• U. S. Army Corps of Engineers ^ ,41*
• Washington State Department of Natural Resources]^ ,-sjP*'"

^ f jt4$$Xp£?$si ;.1.'-3££=1/

• U.S. Environmental Protection Agency.^P
• Muckleshoot Tribe /fP1*
• Washington State Department of FiMeries
• U.S. Department of Fish and Wildlife>r «.••;>•;.T-.

This FS fulfills MTCA and the state's SedirrS^|agement Standards (SMS)
(WAC 173-204) requirements and sup^pjorts^l^^ls^ hybrid initial/detailed
submittal to Ecology under Ecology's Prdspective^ml^feler Agreement Interim
Policy (1994). The FS also:

Provides a summary of thWsite coMiiSi©ns>and<jpresents a conceptual
J ^-y' JJ»P "V;c~;;"^"^w-;\̂ v'Tr^L^^1^-

model for site eeoloey,4iydroloB^5 * * • *
Introduces PQC!s!jpeliminary remedial action objectives, including
both regulator^requirern^its as well' as the additional expectations

j i ••*$ &&«*-- j..,i*v&-_ discussjons with PQC

it

'i§i1e|rlmedî l technologies evaluated for soil, groundwater, and
re'mMiali^n and indicates those technologies that will
.0 be 'corisidei'ed for remediation, as well as those used to

cost estimates for the FS

Presents the procedures used for evaluation and the evaluation of a
focused set of remedial alternatives

mSL Disclaimer
.̂ .•'.."Ji-'̂ A''̂  ''

separate from those state-led actions

CP 000943
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Feasibility Study

Any work or work product addressed in this document or cross-referenced herein
and performed or to be performed by PQC in the identified Port Quendall project
area has or will be undertaken only for purposes of determining the feasibility of
the Port Quendall redevelopment project. This analysis may not be applicable for
other developments with different land use plans.

PQC and RETEC are submitting this document with the understanding that no
independent liabilities shall be assumed by PQC under MTCA or any comparable
federal or state environmental laws should PQC elect not to complete purchase
of the four subject properties.

1.4 Site History
A review of historical information and en^fbnmental^rerordsif^the Baxtpr,
Quendall, and Barbee Mill properties JH summarized herej^p^h^se I
Environmental Site Assessments for the Part^feodelproperty have rle1fnl|)|5rfbrrned

Tt/urf'—.'v.-.'.^fii'A 1 J "*%£z?:f-*-&

by Earth Consultants (1991) and GeoGrouipl§§ |̂west (1996). Alummary of
this information is provided in the following|sefeWp!lsl!:.

A ^.'ff-'r ~:.?l~;-';F:-~?i£X:*£:̂ ;',:
J.ISF' -̂ ^ r̂̂ a'sFSr̂

*
1.4.1 Early History of the Projeetf4rea

**!mfP~$0$!-b- Îvr'sS??-*'
In 1873, Jeremiah Sullivan obta^iM^^^e. subjeplparcels from the U.S.
government and sold them in ljp'5 to Jamis|̂ |̂ 01rnai. In 1902, the timber on
the subject parcels was sold, alto" in 19Jp, a rig||||fe|yay was deeded to Northern
Pacific. The Northern PacjFiif rail linefater becameTthe Burlington Northern track
which currently interseelsjAe project area. M

.frffif,-- * 'iwfs y£3'
A'«S'i'f i?fr<J5 .•?»=?

jjjji- , .
t p^p,e|Eies rerr\^^p|^pm the Colman family through at least

the suijl^tlparcels began to diverge. Peter Reilly took
^^^^rleist of^§^rfront parcels in March of 1916. Between July and
Octob1|r|0pl|9^16, tliel^ft^siporps of Engineers completed the Lake Washington
Ship caffai|lwRi6h lowefed'-ivh^e level of Lake Washington by approximately 8 ftr ^iSre^aiKVs.-')!.̂ . "<£.';-..w ° / rr J
(US^eel^iG^lllliryey, 1^983). This increased the land area of the waterfront
pjtfcels, by expb^^iQrrnerly submerged portions of the May Creek Delta.

.<-; K . - • • -

^f Between 1920^10^1936, the location of May Creek was moved southward. As
JU noted in theJB95 United States Geological Survey (USGS) and 1914 DNR
•MS^ maps, the oitfeinal creek bed was located in the middle of the current Quendall
£#$.•=•>& " ^Kf°
|̂|̂ ermmal||property. By 1936, this original channel had been partially filled, and

^ilg^ealr^K rerouted to a location roughly at the midpoint of the current Barbee
.- L-'j^7 '•*"•• ~~""'!x~i!*i£.~J3£1jf ^ ^

'*^ijfam property. By 1946, the creek had once again been rerouted further to the
south. A final southerly adjustment between 1946 and 1956, placed the creek in
its current location.

CP 000944
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1.4.2 Barbee Mill Property
The Colman family and the Lake Washington Mill company both held title to
portions of the Barbee Mill property during the 1920s, with trie property deeded
to Barbee Marine Yards in May of 1943. The Barbee Shipyard was active during
World War II constructing wooden barges, tugs and other vessels for the war
effort. An aerial photograph from 1946 showed approximately 60 boats moored
on the lake in front of the shipyard, suggesting that the shipyard was also used
to scrap WW II surplus boats, a common activity at shipyards around the Puget
Sound area following the war. This photograph also showedj|hat jhe'southwestern
portion of the Barbee property was used as a lumber mMfiasfevidenced by log
L L A. J *3JrvVr, ^-T '̂̂ '̂ i '̂ f^y^^i

rafting on the water and stacks of cut lumber ojpltore. A î̂ ||l|̂ m June of 1945,
recorded the transfer of property from Bailee Marine|l¥:i@^i |̂JBarbee Mill
Company. From this date to the present tiiflpropeityjlfas beefî u|||[|aJs|aJu|fiber
mill, producing standard and metric-cut Minfe.er feMiomestic andltftlfWational

, f-Sft'vifS^pSS^ Î'SiS?'*'

markets. w>'

Attempts to develop the Port Quendall areajari trfe^^^feand 1980s included the
Barbee Mill property. As part of,,,th^se redele^lm^nt efforts, various
geotechnical and environmental inyes^g||iî §^vere coWtjI^ea (RETEC, 1996b).
King County Department of Metro,polfta^^ep|6es (Metio) activities along May
Creek resulted in early investigation oflse'fimefllgarid stormwater quality. InJ /••*•• &': v^^pgR3*s§Sr n J

January of 1976, Metro conducted an^valuati^|fpMhe sediments at the mouth
of the creek, including a SJ|i|BA survey and teiEure analysis of sediment samples.
The report noted thatjapp^foximfply 3,OOJFcubic yards (cy) of sediment are
deposited annually injpe lower fea'ch of<Miy Creek.

/t$I- ~3lii/ *^^Tc J i~' f

~fe?*^

H. B!apf^property was essentially undeveloped until the mid-
ijvood tr^pinpfacility was constructed on the site. All property

histprip®m|ffi^^that rfoisri creosote and pentachlorophenol (PCP) treating
solutions were |̂|eil|at;:;ithe site, until wood treating operations ceased in the mid-

,j£f980s. CreosollJi^i^used to treat railroad ties and pilings, and PCP solutions
jjjj were used to tr^at utility poles. Treated wood was stored predominantly on the

,?||| southern portion of the Baxter property, and distributed to purchasers by rail or
'&jjji. truck. FigureJd^S provides the locations of the J. H. Baxter process areas discussed
fettbelow.

CP 000945
The plant was built in 1955 and originally operated three butt tanks, using
creosote as a preservative. No secondary containment structures were placed
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Feasibility Study

around the butt tanks. Hot creosote oil, heated by a boiler near the tank farm,
was pumped into the butt tanks through underground piping from the creosote
storage tank in the tank farm. The hot oil was then pumped out and replaced
with cold creosote oil, which was drained from the tank after treatment was
complete. The butt tanks were taken out of service in December 1970 and were
reportedly abandoned in place in 1979.

Small Retort
In approximately 1960, a small retort, estimated to be 6 ft in diameter by 45 ft
long, was installed using PCP for the preservative. It was looted J^egween the butt
tanks and
secondary

lofPCPii

the treated wood was drained; this work wgs&all performed in
/:vi '̂V4Kfe&i«'ir;?i?' ^^tf*fi^i&'Siv""

Use of this retort was discontinued in Apri^^^nd the retort wS&reportedly
removed from the site in 1977. "

Large Retort ^ ^
In 1965, the large retort (8 ft diame|||l|p?|̂ t̂) was mlSed for use with PCP
and creosote. Creosote was not4s^ar|er|§^^ AlsJ^hght solvent treatment
using mineral spirits as a carrigifwas used at& ĵ||ap||iS)r one charge. In August
of 1981, the plant was shilf dovmjmd th^fef(M was moved to Arlington,
-i i r 1 • S&'-W ^ -^Washington. .gOy-

Drip Tracks

e railfolfaSfeipacks to the north of the large retort. Additional test
.. ..'^g^Sm^..--!*.....^™^ — ̂ ?XT...... T,__ ...1

Tank^Farm
•£'
-• During the course or plant operation, five to eleven aboveground storage tanks of

varying capac-i^ies were located near the operations buildings in the tank farm.
. ;; The tank faiph was contained with a concrete slab and berm. Wood preserving

'fored in the tank farm included crystalline PCP, aromatic carrier oils,
PCP in solution, and creosote. A map from 1962 indicates that Tank 1

petroleum, Tanks 2 and 3 contained creosote, Tank 4 contained
concentrated PCP, and Tank 5 was the working PCP tank.

CP 000947
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Process Wastes
A 1965 waste discharge permit for Baxter (Permit No. 2164) indicated that a
discharge of up to 21,000 gallons per day of cooling and contaminated waters was
allowed. The permit also required that oils and other wastes should be prevented
from entering the lake. Chemical sludges or sludge contaminated oils were to be
disposed of on land and not discharged to a State waterway.

A waste discharge permit from 1970 allowed discharge of up to 24,400 gallons of
waste per day following treatment and in-plant control. The perrnk%application
described the on-site use of creosote from Reilly Tar,JG>CP fr|>m Monsanto
Chemical, and medium aromatic oil from ShelL, The apjft^tiitn also described
a separating tank from which oil componentssof trealifelrfleondensate were

i^yisp"" '''ttirlyi'ZpKyf?-, £*f
drained and pumped back to the storage tarST The watilrifroli^he separatingr r o p=s.r i&&" '«i3fs«-l&% r ,&y°
tank was then drained into a skimming anassettling ^pjond wne^S^iremaditing
oil was eliminated by skimming the surfacBtoU.jmdJsettling any*oi||̂ ^pr than
water. The effluent from this tank was sipHcm^|iff- below the surfaCe^irito a pipe
going to Lake Washington. ':%|S4fll̂

,;P'r

A waste discharge permit from 1971 covered only dl||fe|̂ of sanitary wastes to
a septic system on site. Baxter indicaieife'on the applifat'i'on that there was nor J v%? .̂v'.f̂ .|î rs"'1- •*&&-.</!?'
cooling water or process water^IiseKatgeftt©^ the Lsfke at the time of the

' -Kfei'" "%£^j'̂ v î;2;r'i, jijf'
application. The permit indicate^'that "rIPmM&Mal.^wastes are being discharged

*• *• *• ^—^ ;;.y/' ''V-i'A'l/T'iitc^'-sri'Vui'",'.'1'" ^ °

directly into state waters, only storaiwater'ltiiiSIf:" The permit application} S§ J .*<•-' w%vsg',?;- r ""
included a schematic whid|i||upporteglr the no^pischarge claims. The permit also
indicated that collectionfppughs hal'been insfalled in front of the butt tanks and
all oily wastes and watdllrom thellutt tankfarea are pumped into the decantation

f^-.*r fg^S'A:, . .. <KZff?

system as part of^Che rron-disch^^p|||ip2ulating cooling tower system.
.jiftiil ^0^^

'tZ£.--tfl'£'\i-l-:'*- -;TAi(V. -V-i -\fX-Q.-S!i- Siz.'.i.iiZ '̂-.v-"
4%*?%8?~te$:''.- 'Wfytf'-'^'^^. -^^-

1.4.4
Industrial activities a^pH^pUendall property commenced in 1917 with the
establishment ^|tRepubiiipreosoting, which refined tars generated by the Lake
L]ni6n manufacttaedUgas plant (and others) into creosote and other refined tar

^products. The-TOime^of the facility was changed to Reilly Tar & Chemical and
Jjf operated as a refinery until 1969. After refining operations ceased, some of the
p£ aboveground tanks at the site were used to store fuel for a variety of companies
|gj into the mid-1970s. The tank farms were dismantled and sent to a disposal

in Idaho in 1983, and the site was graded and raised with approximately
'f|pMg3|fr|$ga soil and wood mixture. The property has since been used for log sorting
"^^igrpstorage. Figure 1-4 provides the locations of the Republic Creosoting and

Reilly Tar & Chemical process areas discussed below.

CP 000948
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Feasibility Study

The DNR maps compiled in 1920 dearly show the original Republic Creosoting
refinery and storage tanks. The still house was located to the west of the brick
office building, which is the only structure from the Republic Creosoting refinery
remaining at the site. Four aboveground storage tanks were located to the
southwest of the office. The 1920 maps show a pipeline connecting the short
dock to the still house, and another line connecting the still house and the storage
tanks. The original bed of May Creek was present immediately to the south
(approximately 100 ft) of the four storage tanks.

f^

By 1936 (first available aerial photograph), the operations of RepublfcCreosoting
"" '*'*'

had expanded. The photograph shows that the bed o/fM|iy|preek had been
rerouted to the south by this time. Addjjlgnal st||̂ |̂ tanks had been
constructed, including the two largest tanks4($Ip6rtedly '2jntiMl|fegallons eacbJt

b & 4£jp' r -'̂ a -̂i«p«,-iif.Si« .̂ .i%f'

The tanks of the north tank farm had not been construGtTe'd, "Mlarlhil^berms Men
i'fi'i i '̂if '"SSSSS'r.SMgS-Viv .,«;,'.-.'"

constructed around the large tanks. The still, housepnd adjacCT^IuiMil^; had
^ *?->-.f,J?'fa-. -n •;? ' '^'ii^r'.:-^'~ri--^y^^f^

been expanded, a sump was installed to il^^^tojEhwest, and the<f|p)ock was
constructed for off-loading of tankers.

Records at the Washington Archives identify the c6li|3^ |̂5©n dates for the largest
tanks, the T-Dock and several of the buildings. The piSlKflfrom the T-Dock to

.;i'">^y'<£?P& *• ^S-TvjJSf,;*"

the shore is shown in these recor|l|§fasî 6|î h-diarn1^!fef pipe. The tar was
commonly shipped to the site anppumpeî |il|r0|igh a trafnsfer line that ran along
a former wharf and pipe trestJMo two^ mil|̂ |g îh storage tanks (Tanks 23
and 26) located in the wes^fcentray|lnk areafr^ankers were off-loaded at the
T-dock and barges were ,dJflI0aded at^the shortlpier. The tanks contained heating

AgW/r^y*^ /HL?V .i&f*- '

elements that would all|>jv the liquid materiial' to be transferred to the still house
wher£ the tars werej^efiited to p|©||i|ej|r:||sbte and distillates. The products were

||||ph5er rail, tanker truck, or ship. The tar
to generate naphthalenes, xylenes, benzene,

nkMl||f̂ olig^5., located^immediately south of the still house, were installed
mgi^9i6 to sto||̂ e0sote-related products. Tanks 23 and 26, installed in 1926,
iyvere used to stpiejraw=coal tar products. Tanks 35 through 38, located in the

Jt'west central sijp'are'a, were constructed in 1956 and were used primarily for
"s* storage of creosote-related products.

of soil, groundwater, and sediment contamination include the

CP 000950
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• The still house

• The underground pipes in the still house

• Disposal of waste pitches and "Saturday coke" by running them out
onto the ground

• Spills at the end of the docks, including a release in which an estimated
30,000 to 40,000 gallons were lost into the lake off the end of the
T-Dock around 1937 ., _^

• The flush box and sanitary sewer outfallf% vJIf^KilL
/M'̂ ^ "̂ :«S'ffS ĵ!̂

• Pitch bays (40 ft wide by 150 ft longilnd 4 ft deep) cowsffiugfeed withff'
J '̂ iaj ./%*• '̂ K^SifaSSj*- .X%!i-

concrete bottoms and wooden sidesfand used^fbr ~~~1;"^^f^'^^^^^O^CLJL̂ U. u.(jv^v4.',-rJ.v/i. ^.WJLIJL itL\ ĵ±-n^/.i'̂ .\sjL-i\jjî

iSi*̂ ^ f̂tfiiî '^sg^pS•seg^--"
• The old bed of May Creek where dump^fg|@f tank cleaning residues

may have occurred

• Former sumps which potentiallylteeeived efflueMKfrom cooling lines
j . , r 'Wjj®?*-" 6

contaminated with creosoteajtt3lgtajsi% ^5

"
Petroleum Storage

,
The Potentially Liable Paj^ifPLP) sdarch performed by Ecology tracked land use
at the site between 1970)|lll' 1982jfand listedllhe following companies that were

*fj^-r£&l£(&SR< . %•%•*^^fms^&^oratiori s$-
^> UnitedNprain^iil, Metro, KingUnitedNp^ain|(^il, Metro, King County, Fort Lewis

Golden fen^lfineries
•••'* "i;5''

WesterniStates, Willamette Industries
Turbo .Erierey Systems

- -"'•: '"'

Northjivest Services, Inland Transportation, Pacific Gamble Robinson
.-;-y.-.y l

and 26 were used for about 18 months around 1974 for the storage of
o

oil. Tanks 35 through 38 were the principal tanks used for storage
of diesel and waste oils until 1978.

CP 000951
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1.4.5 Pan Abode Property
The Pan Abode property was owned by Reilly Tar & Chemical, owners and
operators at the adjacent Quendall property, until 1957 when it was purchased
by the Pan Abode company for use in manufacturing prefabricated cedar homes.
Prior to this time the property was undeveloped, and there is no indication that
it was ever used by Reilly Tar & Chemical in their tar refining process.

The facility is still used for manufacturing cedar homes, with some areas of the
property also used for storing large boats and motor homes. Formjafactivities at
the site which might have impacted soil or groundwater include ||ff^use (until the
mid-1970s) of Pen-a-Seal, a wood sealant/preservative l n t a i n s PCP, and
the use of two underground storage tanks

Consultants (1991) and GeoGroup

xsBSagbs*'?'
•̂ SKU^̂ ??

W

:§»

.y& t>,-
, )
i

^;Hi®t-
'"•£#t>i'ii£$wp..'-•ifî iv .̂-
'̂ r•^p-'-v-';^.

•j;i'"^. ', .. '•
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2Current Site Conditions

2.1 Hydrogeologic Setting

2.1.1 Regional Geology
The project area is located within the Puget Sound Basin, which is situated
between the Olympic Mountains to the west and the northern Cascade Range to
the east. The regional topography and subsurface geologyjhave b'efh extensively
shaped by Pleistocene glaciation, with at least five majpr^^,||anf:es of glacial ice
from the south across the Puget Sound Basin d©alster 6xiiia&lfim&, 1991). Thes.e,

° j;i%f!g''"~ y^S '̂S^ilwv*- -ra?
glacial advances and retreats, along with^iMserglacial^era%^^^|;.erosion
deposition have produced a very
sediments combined with fluvial, lacustrin^^id^mu

The Vashon Glaciation is the most recent of e|f î|,odes, and the Vashon Drift
mantles much of the surface within the Putet SWpiiMlBasin and northward into

-y-AJ ""Sir^a '••,•• *~':\'£ 'Stf̂ S.

Canada. The Vashon Drift is renerallvjdifferentil^dpitGKfour members: the
o .j'l/s^Ss "fjifvt-SKss'KShr.j

Lawton Clay, Esperance Sand, Vashgi^M|iand Vashon|^p?ssional deposits. In
some lower-lying areas, these mem^ers^Mviliiisn.erodedSoIr covered by HoloceneJ ° JSP- '' ^w^fes-ssfe.. '- J

lacustrine and fluvial deposits.^' ^&i$jlijjjjji^-

/" /
Physiographic divisions mf^fe by G.afaster and|Laprade (1991) place the project
area within the soutiheastrffo^thwelt^trendinglltennydale Channel, which bisects
the Newcastle Hills proinontoryJ|iLhe norjpi from the Coalfield Drift Upland to
the^sjauth and tem&nates on tflele^isliEi^ldee of the Lake Washington Trough.

,̂ ?;»5\ xf-'S^p-*' S:'e%-;ffi;p;-?;-7?T" ° o o
the Kennyidlle Channel typically include high energy'"J J r J t> OJ

s^of coarse sand, gravel and cobbles with some deeper,
sijbjv present, all overlain by Post-Vashon fluvial and

grave||sand, silt, clay and peat.

jBieelrock has bfe^n;;10cally mapped at or near the surface in a generally east-west
.uptrend, forming||Alki<-!Point in West Seattle, Beacon Hill in Seattle and the

. Jff' Newcastle Hills^east of Lake Washington and then continuing east toward the
j§|| northern Cascades. The core of the Newcastle Hills promontory is composed of

j$&& middle to late Eocene Tukwila and Renton Formations of the Puget Group. The
;Vl*i"-i';£-;r-:'vX • • " O JT

|̂ ?|̂ |̂ ik^}a|Eprmation consists of volcaniclastic sandstone, siltstone and shale, with
'^I^Heygpaformably overlying Renton Formation composed of arkosic sandstone,

'""*%iltstone, shale and coal (USGS, 1970). Extractable coal seams in the Renton and
Black Diamond areas ranged from 11 to 17 ft in thickness where mining began
in the early 1870s. Due to folding and faulting of the Renton Formation and

Current Site Conditions 2-1
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undifferentiated Puget Group, the mines tended to be small and the mining
conditions difficult. Subbituminous coal from the Renton Number 1, 2 and 3
seams was extracted from the Renton area, with bituminous coal mined from the
McKay seam in the Black Diamond area.

2.1.2 Site Geology and Hydrology
The Port Quendall project area is located on the eastern shore of Lake
Washington on the former delta of May and Gypsy Creeks, which are underfit
streams remaining within the glacial Kennydale Channel. The subsurface geology
of the site is a combination of fluvial deltaic, lacustrine nearshore^a constructed
fill deposits overlying Pleistocene glacial sediments an|tffi^ehe volcanic and
sedimentary bedrock. The shallow geology a|||he projelst̂ 4|i||h;as been heavily,
influenced by recent human activity, begirjjphg with g.cyipfst^iagil^n^pf the Laice

^ ^ ^ f^V-'W* -£"?&'' 'WM.'ti'J^i^a&liJK.'f/-,. '''.-T,*

Washington Ship Canal in 1916. This lowered thepevel o
approximately 8 ft, and exposed a significa|^read)f the May
deltas which had formerly been submergedl^pllllh,;

Subsequent filling of low lying areas was p!efformMi$pi§xtend the shoreline and
1 O J O JT\V '''*,':V"i''''x5K-;-4i"*5c*;'nSS»

raise the grade for construction of industri^facilities|^|§^ratjdall (1917), Barbee
Mill (1943) and Baxter (1955). Memfifoce of ttfetSllimaterial is not well

-^^A^i^j^SSf-^ -î U;.̂
mented. Ma Creek has b e H e r f ' r e l a r o m i t sor i i

.

documented. May Creek has beHerf'relofaigllrom its^original position in the
center of the project area to thefsouth severallCiiheisisiocfce 1916, with the former

• r ' .r$f .*'?•' ''̂ ^Kt̂ -S-^
channels backfilled with a variety of soil* and oMierSrriaterial. The combination of

i£S: J ,-'•-,- \^-^\-.-f-

naturally complex deltai |̂S?eposits|?with numerous dredging and backfilling
episodes has resulted in| pr!ighly |̂pterogene|ms subsurface mixture of clay, silt,
sand, gravel and cobbles, as well|;aisi,discarde>d debris and abandoned subsurface

''

area subsurface geology has been made utilizing
well geologic logs and test pit sidewall

have||eeh generated by environmental and geotechnical
areaf Due to the complexity and heterogeneity of the

^uosurface geq^gjpgorrelation of distinct stratigraphic units across the project
jffarea. has not bep^attempted. Rather, the subsurface geology has been segregated

Jff into three zones: the upper fill zone, the intermediate silty peat zone, and the
•1*1 lower sand zorie^ These three zones encompass the subsurface interval which may

fulfil have been,irnpacted by past site activities or which could influence groundwater
i||p||mo^emerjFthrough an impacted area. Representative cross sections of the
"^^intepreted project area subsurface geology are included in this report. The north-

'"'"''̂ solith and east-west cross sections are presented in Figures 2-1 and 2-2,
respectively.

CP 000955
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FILL ZDNE
INCLUDES CD DREDGED FILL CONSISTING DF LDDSE-TD-MEDIUM
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WF=WHITE FLY ASH

WW=WOOD WASTE

PT=PEAT

WG= WITH GRAVEL

GW=WELL GRADED GRAVEL

GP=POORLY GRADED GRAVEL

SW=WELL GRADED SAND

SP-SM=PDORLY GRADED

SM=SILTY SAND

SC=CLAYEY SAND

CD=CONSTRUCTION DEBRIS
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^̂ ^̂ SHÎ ^H RfilEC
LAST WLSI SITE R E M E D I A T I O N•-•-vvji T< i -o i jiii_ [ T E C H N O L O G I E S INC
CROSS SECTION PW* «. f^

1 FIGURE 2-2 0



Feasibility Study

The upper fill zone ranges in thickness across the project area from 0 to 14 ft,
with greater thicknesses in the southern segment of the project area and along the
Lake Washington shoreline. The fill zone includes dredged material consisting
primarily of silty- to medium-grained sand, as well as imported material including
day, silt, sand, gravel, construction rubble, wood and other debris. The dredged
fill appears very similar to May Creek deltaic deposits and it is difficult to
differentiate without the presence of discarded debris or other obvious indicators.
In most of the site, the fill zone corresponds to the unsaturated zone, although
some sections of fill material are located below the shallow water table.

T-^iA -<-KiLr

The intermediate silty peat zone is comprised of soft to s©§da|Fbrown to gray
silty peat, organic woody silt and silty fine-graced san€^^^^iterbedded gray
and brown day, silt, sand and occasional ashjfensfs. Thisjs^p^pi^zone is mqst
prominent in the northern segment of QuenHall Log Xarcl arMllh1iJ|0>ithern, arid
•*• O ^*~ ($*••{< O xv>bj»' '̂ 'Mj%''-;w|5iS£r*'t*1-- ,$'••

h
encountered in soil borings with thicknessesMetMefen 0 to 35 ft, and was noted

° /tEJas.tsKvSJ.̂ i,
at depths between 0 and 14 ft below groun€psl¥Fa'fel%(:b.B;s). This layer shows ai O ^-jK !\^r™iv.iro3.^;.jjO ' J

high degree of heterogeneity both vertically and 1?qri|o|j|̂ lly due to changes in
the May Creek channel alignment ov£fi®ne and islsadiSia%ed over most of its

* O ^i-V «jo-":".ij."-v*Sr;'Si. ~~t&-£'i?-;i%?3$£y

ft ^tTf" M \hf ft t *" ^* F^l o T v» •«» rr^ll e-> +• V^ f\+ * «^4i%iiiKrVii***4-*"4-jT'ii-ii^« » «-**^^*« fi ^•ll;^*^?^•*tJ^ r<i I +t T f\f^.r\ + 'vy-v*-* fir* «-» *-/i

shallow and
seasonal variations of less thap?3 ft. Tpe sM|l|î |grBundwater contour map for
the project area is shown orfFigure 2f§. l̂ **1'r ; ° M m

ss&f tji .jf-
The lower sand zone Jfpisists qf^ay dens1efto medium dense, fine- to coarse-
grained sand and graypjlivith coj^le|^rad|mterbedded gray and brown silty fine-
grailicLjisand and|̂ |̂|nses. T^^^pe^ranges in thickness between 6 and 93 ft

in^^^^tral segment of Quendall property extending eastward
~u ^""--^-llfcpver most of this aquifer, the water levels are similar

- - - .

to die'w^eMfeyels in tKelsilii-peat layer, with seasonal variations in water levels^r.-Sjjfjayi^-jift^ •^'ffjru-i r '
in indMdjQgllilfesless tha ' 2 ft.

" "
. ,-•c^S'" ^v^'vi'^S^sjiv

4;;@eologic mater|M|uTperlying the lower sand zone includes glacially compacted,
,ff' very dense gravjliy&ilts in the southern segment of the project area, soft gray clay

.||| in the centraytirea and bedrock in the northern area. Two recent borings by
FJjjj^ Shannon &.^ilson encountered flowing artesian conditions in a sand below the
gfs "* gravelly siljMn the southern segment of the project area. Based on these deep
W< i

 r^borings,vit is inferred that these borings encountered the regional Vashon Drift
' • &

CP 000958

Current Site Conditions 2-5



. 7 -r—

RLINGTON NORTHERN R/ILROAD

150 250

SCALE IN FEET

CP 000959

AVERAGE SHALLOW WATER LEVELS
ELEVATIONS IN FEET ABOVE MSL

ii «enl tn you *jbjcd la rctum upon acmand. mt'i Irw undnftontflng U«Jl R ii not to t*
. in any «OT drlrrm*r,lni to au* Interests. ** rnjnti



Feasibility Study

deposits and that the lower sand zone is a Holocene alluvial fan deposit. This is
consistent with the bathymetry of Lake Washington adjacent to the project area,
which indicates an alluvial fan extending across the lake to Mercer Island. Based
on the bathymetry, this alluvial fan extends to a depth of at least 80 ft below
mean sea level (MSL).

Due to the depths of these materials, they are not involved in the various
remediation alternatives for the project area. They are included, however, in
computer modeling of the groundwater movement near and through the project
area. ^

2.1.3 Hydrologic Model ^
i ? v : f e ,

Groundwater modeling was performed by RETEC to su§pdj||̂ ||lS analysjsjof
remedial alternatives for groundwater at thejtubject properties?- '''^^j^brt^Qi^mdatt
Groundwater Model and Hydrogeologic Analj^sis^ofAlternatives (KE|DEG,$l:997u)
describes in detail the setup of the model,Wslicaiibration, and the output from

' -^ivv- • "' f- '̂iV1- <,

flow modeling and contaminant fate and

The objectives of the groundwater modeling ef|s|j||l|pp,e to test remedial
alternatives for their impact on grour|d |̂|Sflpw pattllifstarid contaminant fate
and transport properties. Speci|ip^tiesiii^ns|address%JPThrough the modeling

rr- . 1 1 1 1 r 11 • «H$*" ••Wi'Sf'vl̂ ifv'-r.. •:••-> ..tS/

effort included the following: 4T $ '~'̂ iM;.!£%$jj?
ff •$? '^f^'lf^'

• What are the trav,el|tames fo&lgroundwater and dissolved constituents
>*' v3S^>j -tv ~ "^ •%''

migrating betwe|^|existingf|ource ar,ep and the points of exposure at
the Lake

• , j v , , . , ,im0aGtewould the^installation of various containment walls-<4'vJ;;XVX::.'fgi-fl%,

16"e îoî |and depths were tested) have on groundwater and
—>i:ir**«iVi» 1 ,.:„„„ dilution and dispersion?

.would the installation of various containment walls
(different|) |̂Si|)ns and depths tested) have on pumping rates required
to achieve'groundwater capture in a pump and treat system operated
in conjunction with the wall?

WhaJPimpact would the installation of containment walls have on
.Dumping rates required to conduct upland dewatering of the site during

excavation activities?
CP 000960

In the absence of contaminant degradation, can dilution and dispersion
be expected to reduce groundwater contaminant levels at the point of
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groundwater discharge to the lake adequately to achieve compliance
with surface water regulatory criteria?

• How do different containment wall locations and depths impact
contaminant dilution and dispersion?

• What rate of contaminant degradation must be achieved in situ to
adequately attenuate groundwater contaminants prior to their discharge
to the lake under various wall location and depth scenarios, and how do

"•̂ 'f&j'

these rates compare to those achieved during groundwater^peatability
testing performed by RETEC?

• Is it feasible to use a "funnel and gate'Approach tdldilelM]poundwater $$
O &•';?.; •*• A ^*f.7~";-.V V-^^—.S î'-'̂ jS •Jr^X"'

flow paths to specific openings in afcontainmetft wa|̂ |̂E|ê  active^1

, . , , V k f f\r) j ^ & o-V'^' * v ~ • ̂ '̂̂ -̂ '̂fi'''̂  "••-;£•:•! i&c?"trea.tnient systems ca.n DC rocuscQi £$&, .•/& '̂ H^M^^I^-^

To answer the above questions, it was "TMcess^r^ to use a 3-dimensional
groundwater model. This was done usiltg^l|i|e^jp|undwater flow model,
MODFLOW (McDonald and Harbaugh, 1988). ^^^pj^ater particle tracking
and contaminant fate and transpojpgferrio.deling w|̂ J|ppformed using the
MODPATH module to MODFLOMJffiS;S^iE2. Prelims modeling work had

_••-^v^t?*"'"* "^"* 'V-' ' •' T'>"̂ *i-̂ * V-;V- /^-.."'£

been performed for the QuendaUpFerminals^^ Crowser, 1996), but
that work had used a simple two^iimenlif^^ibwpath model that was

''"' 'i\ .£?•• i»r *& V>"-; î tV''":S^ Vs-^

inadequate for answering,^h^ questijihs aboufpumping rates, funnel and gate
groundwater treatmentj£|!jHi contalminant dispersion. No modeling work had
been performed as par|||Fthe prpppus remedial investigation work performed by

4&m,.Model Parametersv-'-~
Thevg^unpyvater rri6q |̂|gag^set up using site geologic and hydrogeologic data,
expand|d;-^|ing^additi^nl|fsburces of information including Department of
Transp§ita^n|iD'i0T) bo'iings, local well logs and published regional geological

••$&?' *V, ^""i>"'"C--^-' C- - ';4->- O O O

iriterpretatiorS^T^|tnodel incorporated the silty peat layers and the lower sand
j^and gravel laye|;;Ss|lescribed in Section 2.1.2. The upper fill soil layer was not

,.;;/• included in tiiejgrdundwater model, because this layer is unsaturated over most
.r! ; of the site. Ip^areas where the bottom of fill is below the water table, it was

ft . •- treated as part of the silty peat layer.

data were compiled and analyzed to characterize the seasonal
. . . • - . .

""•• ̂ 'Van'ations and provide coverage for the entire model area. Water levels were used
to calibrate the site model.

CP 000961
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The boundaries to the model were heavily dominated by Lake Washington, which
was treated as a constant head boundary. The shallow silty peat layer extends to
the toe of the bluffs east of Interstate 405 where the material is largely silt and
clay, and was treated as a no-flow boundary. The lower sand and gravel layers
were not considered to be significantly affected by pumping in the project area
and were treated as constant head boundaries. This is a conservative assumption
in that the boundary will not inhibit flow into the model.

The model included surface infiltration as additional sources of groundwater
recharge. Recharge through infiltration was established at 20 Hjjlpfes per year.
May Creek was originally considered as a potential b.o&lida*y^to the model.

J O J i ^ &^*ff$**?~2?.̂ ~.-'

However, water level data do not indicate a significant effeWtffirom May Creek as
^spy's '̂ sg-xS&iilf^ J

either a source of groundwater or as a Jlisaiarge
O &'*]&

Consequently, May Creek was not incorporated into xti
' .';3 -.fff

Hydraulic conductivity data were incorporaji^b^veraging the dafapiver each
layer. For the horizontal conductivity, the^aiiiffii^tic average of the data was
used. The hydraulic conductivity in the verMflMitS(3tibn was established at 0.01

J J &%? ^'SvK^^-ftl.

of the horizontal value for the silty peat layer and"'011|iii|t$ve_. horizontal value for
the lower sand zone.

The effective porosity of thefsand wasfestimatejl^cf be between 0.20 and 0.25 at
-<:* ?'•' ~<* •*%& * -'*$'

both properties. ""'i; "' Wr

Contaminants of^gpn^ern sele^gl^for^ptte and transport modeling included
sen^pidjmaphthai^^^pese contaminants were selected based on
tdxii|ii^^M^bility, arul presence at the site. The source areas used

trarisp^il^evaluation were outlined in the Upland Constituents
' ^tf^tjfr-'''J-';i"::r, ^

^j^ and are discussed in detail in the Port Quendall
'Hjr'drogeologic Analysis of Alternatives (RETEC, 1997u).

Chlemical pafalfte-ters for the source areas were estimated from site groundwater
fS'f' "UJS-i''l'.-:-«S " :l-

Campling data 1aind5augmented by recent treatability testing (RETEC, 1997q).
J Chemical degradation rates and sorption coefficients for the transport modeling

Jig were obtainedjfbm the literature and augmented by the recent treatability data.
fe^ ,0'

- ,. if.?'
and;veransport modeling was used to identify contaminant dilution and

icrti achievable in the absence of degradation, as well as to quantify the
of different degradation rates on observed contaminant attenuation.

CP 000962
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Model Output
The groundwater modeling report contains a detailed description of the output
and conclusions. These conclusions have been incorporated where appropriate
into the analysis of remedial alternatives. The major findings of the modeling
effort included the following:

• Containment walls can be used to lengthen the groundwater travel time
between the Quendall Pond source area and the point of exposure in
the lake by a factor of between two and four. Placing the wallet the far

£*%*'-'

edge of a CDF provides the longest travel time forjhe Quendall pond
source area groundwater, and also encloses offsJSlgrgEiIsfAPL areas.
Walls placed to depths of 50 feet providjpjmly ma1 |̂p®tengthening of
travel times over walls placed to 30 feetf x^WiS^fc, M'r IF ,4P '̂ mm&^ ^

*''•;*•? ,~ ."->.?" "•i:&"..''',<|;-*£•'£>'}:'='•' -J>,:--^'

• When degradation rates for ben|«te were"" assumed tippe ••zero,
attenuation of the contaminants in^p^uendall Pond Area-prior to
discharge to Lake Washington was||nl|̂ ifdiieved under current
conditions or under any of the contajpmentwM^|ernatives. However,
with only low degradation rates assumed (be'tweeSpslfeand 10 percent of

° ,?&&&•, "fp^JfeS^'^tfifS-

those achieved during ground|vS^^5treatabil|^^e'sting) complete
benzene attenuation can b,e4Miî p|Mde.r all of^p'e containment wall
scenarios. /$** ^^felli?S:̂ i>^;

The use of containment walls* (temporary or permanent) reduce the
^psffi? A-"'' %*&

pumping rates rei|teed to^slippoit depp soil excavations by 35 to 71
percent. As expepbd, the,,^^test pjiojrnping rate reduction was achieved
for the QuertdailfPond arealwBrehWadjacent to the Lake Washington

>'"r"-'-S^S':i!5 ^•^-t-^.g'Vfi^i'' ' o
^shoreline^IjB@fe)w barriiMfiare used,

"•;.•»:';; ^v ?-;•-"''-Z'*^^"'^'- -•'...*-

-'*f
• •<*..;

*'̂ i'•<'<•."

i?<r>;-

the pumping rates for deep
to range between 24 and 32 gallons per

:-minute, ^^^tv^pl,

T^e^'u;^||^E(^ntainlTlent walls reduce the pumping rates required to
achieveWmljietexapture of the contaminated groundwater by 70 to 87

&?" percent 6j£&turrent conditions. Without a containment wall, pumping
rates necessary to achieve plume capture are estimated to be 145 gpm
(290 gpjm assuming a 2.0 contingency factor). The use of shallow walls

Iffll reduces this expected pumping rate to between 35 and 44 gpm (70 to
1^~ f̂ 88 gpm with contingency factor), with the lowest rates achieved using
T*'-r -""> a wall placed at the outside of the CDF. Using deep walls, the

" "*- " estimated pumping rates range between 20 and 26 gpm (40 to 52 gpm
with contingency factor), with the best performance provided by a wall
placed at the outside of the CDF.

CP 000963
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• The containment walls produced a vertical convergence of groundwater
flow paths at the base of the walls. Several funnel and gate designs
were tested for use with the various wall designs, but none were found
to be effective at channeling groundwater flow through the gates.

2.2 Site Lacustrine Environment
The project area includes approximately 2,900 linear ft of Lake Washington
shoreline and the use of Lake Washington has been an important component of
past site activities, including barge off-loading, ship berthing and Iqgf storage. The
current shoreline characteristics range from gently sloping^getajlfj shorelines to
abrupt bulkhead or rip-rap shorelines. The Baxter, Q\ff||S|fand Barbee Mill

/£&' v;-^V "" ̂ ?$St'̂ ^^*r>tA''̂ '̂̂ lii

properties each have an inner and outer Har;boiPEease ̂ §^p|pu|rent or former-
structures in these lease areas include the Bapfer de-barkSrfal|fM^lidall T-E>efek

.•.r?j'.-"/ (ZjXL;XL!' *^;v*i •- 'jf&sif •y.'̂ JrV- J!=£^

the Barbee Mill Shipyard wharf, and BarbepMill Iqgffafts.
rJ •¥*%&• /'F' 'i.S-*«.'KiSrH"W3S"''

ftiflfe^
2.2.1 Lake Bottom Characteristics1^^

As shown by the bathymetric contours on BiMire^rli^iffie>lake bottom is relatively
_ } , " , , , ^ ~., '̂ ^^ t̂fe., ,flat between the inner and outer harbor lines. The a |̂age|slape over this interval
is 3 ft vertical in 100 ft lateral. Wat£||dJ||fj|ŝ at the 6%t%^ljffbor line range from
26 to 31 ft (as measured at normlliiligj^^ai^jiine) irpmost of the area. The
bathymetric survey is consistorjifwith .pS |̂|S ŝ̂ f0r the area. These show
similar water depths at the outer harboMine.^nltt§GS maps also show that on.".<"' ^gf ^s^ijs^
a transect toward Mercepfsland f|©m the (piehdall Terminals property, the
maximum water depth reialned is/approximajely 70 ft.

c;&'̂ ~ •••i'f'x .-fe?
-.j-.->V iTi'SiS- ffSlf

fr& $K*H. ,-î VjS?

The^nearshore bai^i^THfietry is lJĴ |̂ |;©.Hh than that in the outer harbor area,
*-n «M"M>irvifT. rr/^m r»-̂ o'̂ 1ir'.:i;7^1r!*ol /-v*-v£in •i-rf-v-wvtrjairn^Rix'rial^ r r>i-£i£a»-* rOyi»-*^n r\«^^4 " Tl*!

including a shallow sand mound
a sand spit located just

lar contours around the
BarbeeiMdlp^h'oreline and§May Creek.

*"*>'' ( • '•••-* it! "'.'" i'-Yv'i*^1'

Acoustic survey||pf!ime Harbor Lease areas confirmed that logs, log bundles and
other debris are|present on the lake bottom. Log densities ranged from less than
1 log per acre,r|ear the outer harbor line, to greater than 5 logs per acre near the
Quendall lo^g'dump. A total of six log bundles were identified on the lake bottom.

.
* r\ Utilityjlines were located on the lake bottom offshore from the PS PL substation

5 A'V1 '

- and the Metro interceptor pumping station. These locations are consistent with
easements for those utilities. The lines are located approximately 400 ft to the
northeast of the Quendall T-Dock.

CP 000964
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Besides the logs and utility lines, the survey identified other debris including
concrete anchors and metal debris. The amount of this debris was limited
compared to the log debris. Approximately 130 pilings and dolphins were
mapped within the Harbor Lease areas during the site survey, excluding the
pilings associated with the Quendall Barge Dock and the Barbee Mill dock and
mill building. The pilings and dolphins are located in all areas of the site in water
depths ranging from less than 5 ft up to 30 ft.

2.2.2 Sediment Particle Size -
A sediment profile imaging (SPI) survey provided generic Information about the
particle size distribution for the sediments. In general, thefiea]kei!.bbttom sediments
consisted of a fine silt/mud with a small particle;size. Howe^ier-^here were several
areas in which a more sandy bottom was evident in the^SPlQijmageS;, including:

' '
. .

Mouth of May Creek ••-.-' „ . ';;- : .
Quendall Sand Spit - '<r^
Quendall sediments near the outer harboKline
Sediments north of the utility corridors ' • ;*• ; . :^r

Sediments in the Baxter sand mound " -^^S;;v
Sediments at the northern edge 'Of (the. Baxter outilfe harbor area

• O -•. .....;. r-i.,.1:-

During the beach surveys, additional areas ofisaMy sediments were noted. These
included two short stretches ofcbeach along the'.Queridall terminals property. One
of these was located north:6f the former mouth of May Creek, just north of the
Quendall log dump. Th'e-secbnd was located just south of the Quendall sand spit.
In this latter location, .the beach was, generally covered with a thick layer of wood
wasteland bark, hut tsand was noted? at water depths ranging from 1 to 4 ft below
the: lo:wi;water line;. -:\ •

2.2.3 Sediment Infauna, Macrofauna and Flora
During the!,5PI survey, video transects, and during sediment grab sampling,
observations were made regarding sediment-dwelling organisms, macrofauna and
flora. These observations were qualitative in nature, as they were collected
inadvertently during sampling for other parameters. Sediment-dwelling infauna
noted during sampling included the following:

• Chironomids
.•;- • Amphipods
. " . - . • Oligochetes

• Annelids

CP 000966
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Macrofauna noted during video transects and grab sampling included the
following:

• Freshwater clams and mussels
• Crayfish
• Smallmouth bass
• Sculpin
• Perch
• Sockeye salmon ,.

£b- ^^The crayfish, sculpin and perch were noted in and around|i^bj3d/del)ris, including
some individuals which had created burrows .ojfedens iri|iy|ie|djsbris. Bass were
noted during video transects near one of the dolphins fror|cl|̂ fermer Quendall
T-Dock. One juvenile smallmouth bass (2<Sihches longf^as^retineved in a^an

- ' ••'". •*•>,>? 's'vi'* .̂- "-• '--'̂  <*?'\'f'
Veen grab sample. A small crayfish and many oLtfre clams ahdjjmussels^were
retrieved in this manner as well. : Uc:'^' "-

. | .

Areas of milfoil were also noted in the sidetscahts^rtai^and video surveys, with
- ' • • *" '̂ V'JC''". - "" '* •'" ~'^T if' .'f^l

dense milfoil areas characterized by water dept^s^belwldh^S and 15 ft. Milfoil
was generally absent adjacent to Barbee'Mill, possibl̂ |y|̂ ;t6 shading provided
b y l o g bundles a n d l o g rafts stored^ l '

2.3 Geotechnical Issues ÎIP̂

2.3.1 Design Concerns ^
Seven boreholes were advanced^thin-:the project area to depths between 120

*'-'"••.; ~lv '-;.--•• ' y-fci^-^ !*..,>'. "• ,1 1 I A

andVjl£>P ft bgs'feto?.',evaluate subsurface geologic conditions and to provide
g%%te'dmi'cal recomiiiiendations for development of the site (Shannon &_ Wilson,
1997)V'.0I3'̂ i]gn concerns identified from this drilling program were liquefaction,
settlemehtj^nd^s.ubsurface contamination.

The upper SO^ft) ;6Q ft of soil within the project area are loose and potentially
susceptible to li'quefaction during a strong earthquake. This liquefaction would
result in loss of shear strength and the capacity of the soil to support structures
on.shallow foundations. This liquefaction could also result in lateral spreading
of these soils;;6n the order of 6 to 12 inches. Consolidation of near-surface peats

.-and clays from placement of 10 to 15 ft fill upon this material would result in
-".. • 'surface.settlements of 1 to 3 ft. It is anticipated that this settlement would occur

>;wi:thin the first two years following placement of the overlying fill. The
structures' requirement for deep piles through contaminated areas may enhance
vertical migration of dense non-aqueous phase liquids (DNAPLs) along the

Current Site Conditions 2-14
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pilings. Restrictions on construction activities to prevent contamination
migration to depth may indude double casing and grouting systems incorporated
with the pilings and adjustments to building locations to avoid areas of gross
contamination.

2.3.2 Recommendations
Geotechnical recommendations made by Shannon & Wilson include the use of
deep foundations, floor slab supports and dean sand and gravel fill. A driven pile
foundation system using 18- or 24-inch-diameter concrete or steel piles to a
maximum depth of 90 ft was recommended for the QuendalKprqpJerty, with lesser
depths required elsewhere within the project area. FlqQn'fsrab^'for all buildings
and garages were recommended to be stmcjurally suppo^td^wgith driven pile
foundations, and dean, free draining sand arfd gravel was^eGomnTended for<use

° ':/! " ,:'l.~* .̂̂ 'il-'̂ '-̂ sfl- <• ~

in future site filling. •«;, .;^: ĵ&$?3f ••:*.>^-?
O , • „• " : ..a**,.")' - •" *; -: A ' -

, ;•'!." • . " """ •<-"-•" - •"'.''*• —"

2.4 Soil Quality f
Numerous investigations of potential soil con^amma|io:njwithin the Port Quendall
project area have been performed, generating a laige^ygh^rne of geologic and
chemical data. Comprehensive summariersv;6%proiect area^istorical information,

•*• x; p ' - " . '".-,':' "V-i >..;_-*•• ' "v'-H -!i-'

regulatory records and environme'ntalktiatai'have beert^p'rovided in two Draft
Remedial Investigations (Woodward Clyde^^O-andrHart Crowser, 1996). This
existing data was incorporated with data coUeeted^by RETEC during the due
diligence to develop an interpretation of upland soil conditions currently present
at the project area. ';•$& ^' .•-

2.4.1 Soil Data Sources w
envinprirpentaj and/or'^eotechnical studies are known to exist for

irfethe project area, dating from 1963 to the present. Data
from mese^sti&jies proxddjbdjproject area subsurface geological information as well
as soil^grpuhdwater, andiyapor analytical data. Figures showing data locations,
depths, and^thilresults used to determine impacted soil volume outlines within
.the project are'a^ere provided in the Upland Constituents Memorandum (RETEC,
1997f)- ;

Soil analytical data for the project area indude 166 upland soil sampling locations
where polyriuclear aromatic hydrocarbons (PAH) data were obtained by either

_: .laboratory analyses using EPA Method 8270, field screening by gas
:: ehrpmatography (GC) Screen, Fluorescence Screen, or Immunoassay analytical

techniques. At several locations, multiple analytical techniques were used for the
same sample, allowing for a comparison of results between methods; this issue is

Current Site Conditions 2-15
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discussed in Section 2.4.2 of this document. Soil samples for PAH analyses were
collected at multiple depths between the surface and a maximum sample depth
of 39.5 ft bgs.

There were 123 upland soil sampling locations where PCP data were obtained by
either EPA Method 8270, EPA Method 8040 or GC Screen. Sample depths
ranged from the surface to 33.0 ft bgs.

There were 34 upland soil sampling locations where benzene, toluene,
ethylbenzene and xylene (BTEX) data were obtained by EP.A Method' 8020, EPA
Method 8040 or GC Screen, with sampling depths rangm'g^between the surface
and 33.5 ft bgs. As all soil samples with detectable B3iE^GSncentrations were
located within PAH-impacted areas and BTEX-ievels were|yfejatively low, BTEX
constituents were not considered further in^determining^th^are^|requiring!'.soil
treatment. _ .,•>• /•- \£f^Y^$i!x

There were 19 sample locations within thevprpjett."area where soil metals data
were obtained by EPA Method 6010. SQik:sampTesl,were collected at multiple
depths between the surface and 7.5 ft bgs. Dejetfedtmetals in soil at the

A O -T-.V'-.^CI -•;-' '•«..

Quendall and Baxter properties were^t or beloA^regulatory criteria or
background levels reported by Ecolbgy^s^lsJatural Ba£%round Soil Metals
Concentrations in Washington State, and^were.;npj considered further.

Much of the interpretation ,of soil conditions was^made from information taken
from geotechnical and environmental soil boring logs, monitoring well geologic
logs, and test pit soil/.lfescriptiohs. Theseelogs and field notes also provided
information consenting field ?qbsen$t'ions of soil and/or groundwater
cojnta^nation^antiythe^presence of-buried structures and debris remaining from

2.4.2 Daia^fldity V
DiffefehV types/.of .data were available for use in delineating impacted soil zones
within the project area. These were:

• Quantitative data developed using EPA Method laboratory analytical
techniques such as EPA Method 8020

• Quantitative field screening methods such as immunoassay and
'•--. absorbence which generally provide less accurate soil concentrations

• Areas of known groundwater contamination and/or DNAPL
accumulation in groundwater wells

Current Site Conditions 2-16
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• Qualitative visual observations of soil conditions made by geologists
logging soil and monitoring well borings and test pits

• Qualitative historical information taken from documents describing
past activities and practices at industrial facilities within the project
area

A comparison of PAH results for those soil samples which were analyzed by both
laboratory EPA Method 8270 and field screening techniques indicated that field
screening results tended to overestimate soil concentrations by approximately a
factor of 10. However, there was an insufficient numbei^f^da^a points in this

_ if ij ,r*i> Lf \-v -I'-Y' •' *-~ \ " ~v -*

measured concentrations. For the purpose?J6f delineating Imp^Gtecdj.soil arfas,
laboratory and field screening data were coipiMered equally valid^||moiiha'Hvide
degree of variability is known to exist betw.een*>thfes'e data types. %

Field records concerning the relationship betwieeri^sampline locations and visible
° r ,f" •x.';>.-,-.-:--r;v-d.e>

DNAPL in soil were also taken into account, as anaivtical'rsampline points were
^v-y^j • \':'-'-" -̂t.'.S *• or

often selected above and below soil la^eisjS^ith visiblfe5prc0^t. Relying only on
the resultant quantitative data,/,i^^®!^urfderestirrfatix> the extent of soil
contamination present. Not^rions;made/in|fieilpTipteb.p6ks, test pit descriptions
and geologic logs describing t^ie presence andpyeatipn of product, soil staining,
sheen and odor were induded$in impaicted soil zpne'""delineation. For the purposes
of determining impacted<rsopareas,i!field notajdions of visible product in soil were

considered

of fqrm^rr refinery arid process area facilities and historical accounts
of 'sites activities and^praGtices were also taken into account in soil zone
determinations. Income- areas, historical records indicated that soil
contamination was. likelyy^but soil sampling points were sparse.

2.4.3 Impacted Soil Zone Determination
Using the field and "laboratory analytical data as well as field observations of soil
quality and historical accounts, areas of impacted soil within the project area were
outlined. These areas were categorized as:

• Baxter Lagoon
' • Nearshore dense non-aqueous phase liquids (DNAPL)

• Farshore DNAPL
• Total PAH (TPAH)concentrations exceeding 1,000 mg/kg Qp Q00970
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• PCP concentrations above 100 mg/kg
• Carcinogenic PAH (CPAH) concentrations above 1.0 mg/kg

Probable impacted soil zones for the project area are shown on Figure 2-5. These
probable areas are classified by their location or historical use as: Baxter Lagoon,
Baxter Nearshore and Farshore Process Areas, Quendall Pond, former May Creek
Channel, Still House and the North Sump. Only areal extent is shown on these
figures, but each soil zone has a third dimension extending to various depths.

Baxter Lagoon
Potential RCRA hazardous wastes at the project area arfefciimitMed to wastewater

Baxter
ttentially

Listed Hazardous Waste sludge resulting from fonnerjm€ustrialf^r^e~sses.,atVthe
wood treating facility. In addition, there ;rrvay bej-;impacted sous^erie^n'- this
sludge layer. >£i$':-̂  ' : ; - -"" '

.0 y-jr ( , . '•' jf •-. ••• •

Nearshore DNAPL P fc
The only area included in nearshore D^fAPL is QuehdaB^prid- (Figure 2-5). This
is considered a high priority area dueTt^^e^r.pxinTity'Qfcl^NAPL in this area to
potential aquatic receptors in Lake Washington^

&;.'Farshore DNAPL
Other areas contain rnoJbjUlfJDNAP^'that has/riot impacted and does not appear
likely to impact sedimenkor surfaee-water quality. These areas include the former
May .Creek Channel^ tHfe Quend^l«;j :̂pi|h:Sump, the Quendall Still House and the
N,e_arshore and E||sh;pre,Baxter 'Prp£ess?Areas (Figure 2-5). These are considered
to.{Mye5Mgh pri6rity>:dueitp the presence of DNAPL and associated contaminants.
However, tlTey are distafjeied from potential aquatic receptors.

TPAH Abpve^ppQ;mg/kg -
These impacted^'it areas are those that are considered unlikely to have mobile
DNAPL, but have TPAH soil concentrations above 1,000 mg/kg. These areas are
located on both^Quendall and Baxter and generally encompass the DNAPL areas
(Figure 2-5). Though these areas could potentially impact groundwater quality

;, via soil leaching, they are considered to have lower priority, as there is no DNAPL
'••• "and they are generally removed from potential aquatic receptors.

CP 000971
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PCP Above 100 mg/kg
PCP areas encompass 385 cy of soil which have confirmed PCP concentrations
above 100 mg/kg. These are located only on the Baxter property (Figure 2-5).
Although these impacted soil areas could potentially impact groundwater quality
via soil leaching, they are considered to have lower priority, as there is no DNAPL
and they are generally removed from potential aquatic receptors.

CPAH Above 1.0 mg/kg
These impacted soil areas are those with CPAH concentrations abpye' 1.0 mg/kg.
These areas extend over most of the Quendall, Baxtlk^and^orth Baxter
Properties and are considered to have a lower priority aStfihfey^pose no threat to

£* • "^**. *v^*?5*"?v.i '̂i.'''" - ^
groundwater; however, they may constitute amirett confa^Gpneern. ..7--&*?•" ^p^^m, - &

• " -" -- •• > • - - . j t j V - - • - . ! ; • • ' • / r
2.4.4 Impacted Soil Volume Calculations^ îĵ ĵ '̂f

-••*£"• ' . . '''•-'.;.'.•;!,;-,""*%•
For each impacted soil zone, the volume^of' impacted soil was calculated by
designating the depth range of impacted soila^ptcunxs along the perimeter and
within the area. The depth range for each^zSrie waS^nnated using all available
data, and were not uniform. Selected points with'thelfQtvland bottom elevationt\-'."' r " •. ;:"~i);s'. ;;if#:-A..
of the impacted zone within the per|rri;gier«^id on th|s|i9UjSdary were digitized
into a three-dimensional AutoCAD -plr6gra;rri5i|which therl^lculated soil volumes.

These calculations were performed forlDNA^faiid'TPAH above 1,000 mg/kg
zones, as well as the Baxter-Lagoon, PCP aboye£TOO mg/kg, and CPAH above 1.0
mg/kg zones. The voluMe of impacted soiltpresent in the Baxter Lagoon was
estimated at 500 cy, wjiiie the four<PCP areas totaled 385 cy. As the PCP above
1005mg/kg areas arelprimarily sid^t^dlwi|hin TPAH-impacted zones of the Baxter
prdperty, the PjE^z^nes areHnctuded with TPAH designations. All other
estimated>1.volumes¥;bSr\impacted soil and clean overburden for each soil

' , " • ' . VX. l '-'."-'•'} *-.-'l'."i: '••' '

classificaiti'on areas are^pr^sented in Table 2-1.

In order tb evaluate the accuracy of the impacted soil volumes, probable and
possible soil volumes^were generated for the Quendall Property. This evaluation
was originally presented in the Upland Constituents Memorandum (RETEC, 1997F).
This evaluation, indicated that the DNAPL soil zones could be up to 50 percent
greater than used in preparing this FS. The TPAH above 1,000 mg/kg could be
up to 60 percent greater. These volume increases would proportionately change
impacted and overburden soil volumes.

CP 000973
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2.4.5 Other Soil Issues
Soil and groundwater sampling performed at Pan Abode as part of the PQC due
diligence is described in detail in the Soil and Ground-water Analytical Results for Pan
Abode Report (RETEC, 1997h), which also includes references to previous
environmental and geotechnical investigations at the property. A slag-type
material used as fill was noted in geoprobe borings and test pits, as shown on
Figure 2-6. Data for underlying soil and groundwater did not show any adverse
impacts from this material.

2.5 Groundwater Quality % r
Past activities at the project area have resiilted4fif^pacl^;-t0Vgroundwater quality.
Chemical compounds detected in groundwaieFin the studyvar£a^include PAHs
PCP, and BTEX compounds. Saturated zone DNAJPIsns also ̂ §H§sed in tnis

Section. :rv -- ^V;:V-

The detected compounds were evaluated§|based. on maximum observed
concentration, frequency of detection, excfeedante^pf^pplicable surface water
criteria, and the cancer slope factor for carcinogensHl^iasecl?:on this analysis, it was
proposed that transport evaluations willjbe-iirnited to^bieipene, naphthalene, and
chrysene. "' "^/t, ^v:

Table 2-1 Estimated Impacted Soil arid Clean Overburden Volumes

. . . . • Impacted Soil
Impacted Area ^ volley)

DN&RL Areas & - - - ^ ' %Miv': :

s^KI^ V-..V1'": ; : : . v - ' '
(j'^f^il^aifter Lagotm ' • 500

^^^JinCJk. Pond • '• 14,900

Fdmier'J^ay Creek j 8,210
. r •> -.1- ••,•'•.•:,.;.;••.' ./ i

.. • Baxter ifaearshore 13,620

North Sump 5,930

Still House 20,010

Baxter parshore 4,800

> 1 ,000 iri^icg TPAH 147,180

•& i-mgkg CPAH 426,470

Overburden Soil
"Volume (cy)

0

6,910

15,210

0

13,740

22,960

0

96,800

20,900
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3Cleanup Standards

Reserved.

<4Si*lB&tlk

f::'.-,f-;i:^-:'L-^ifM'.^^'::.~(t -,>*•.)*•• tvj

.̂ ^^WtflK; y

b7;.;l-V?:-~aStt--;vS; .̂

Vf. . l:f!;f
' ':

%iS4, ^ '̂
KiSsSvy?;,
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4Remedial Technologies

The intent of this section is to briefly describe a limited number of technologies
that are potentially applicable for the Port Quendall development. Certain
technologies will be assumed for describing and costing remedial alternatives later
in this FS. This selection does not preclude the use of other applicable
technologies for site remediation.

4.1 Technologies for Remediation
This section
consideration
These remedial technologi
conditions
1997f) and

Soil at the Port Quendall project area is imjp^^^uPAH, CPAH, and PCP.
DNAPLs have been observed in some wellS;' soil rlo^^s^nd test pits located in
areas associated with the former tar refMe-ry and wGOd)l£etitine; facilities. To

.^~f^Y~:^ftiiS^'ft '•? •;-'.: '£££*&&.[!&' O

provide a means of analyzing the^el!at>i®n'ship between®racticability and the
r J O ;.-r|t̂ ---'-- ,̂:-«.»;S:«r;??X^- .-~$? J

extent of contaminant destruction acMe^e^tffiipr each remedy, categories of
'v-'̂ 'if'S^^SSTtvf^i'-.' J °

contaminated soils were established "-•^"«"-"-:-^'"-^v

M"

Farshore DMAPt
^

~

e^MF^ discussed in this section have been
selected to aai$£ssahe soil conditions present within these impacted soil zones.
_„•*-£- -ii j^'.*-^i^j-v;i"" A A

#|Fhe ultimate clepjiap action plan for the project area may include a combination
of several differerifejsoil remedial technologies.

I'
Soil remedial|technologies that are regionally available and commonly used for

,. ̂ .cleanup,o£soil containing PAH and PCP are summarized in Table 4-1. This list
'"sjb^e-pcbndensed based partly on the Environmental Protection Agency (EPA)

Remedies for Soils, Sediments and Sludges at Wood Treater Sites (EPA,
1995). These technologies are listed in order of preference outlined in the
Ecology MTCA Section 173-340-360.

CP 001001
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Excavation of contaminated soil is included as the initial element of several
remedial alternatives for the site. This excavation would require a planned
sequence for control of surface and groundwater, segregation and containment of
materials, stockpiling for treatment or other disposition, and excavation
backfilling and regrading. These activities may take place for several of the
remedial technologies discussed. For the unit cost comparisons in this section,
specific costs for each remedial technology apply to that soil treatment option
only, and do not include costs for excavation and stockpiling, dewatering and
water disposal, backfilling and compaction, or other related activities.

Table 4-1 Potential Remedial Technologies for Impaete
. • .

I. Reuse and Recycling - none considered

II. Destruction/Detoxification
a. Thermal desorption _ ^
b. Incineration (of LDR-listed hazarigu|^a_ste)
c. Bioremediation J" ^IjSSpfilifitii,

III. Separation - none considered^ #v,

IV.

^SiS/SpS"
V. Disposal s;Jjjj * .lpMf>"

a. Landfiping (of norfiLDR-listed|hazardous waste)

VI.

^W
h^v costs "f&lesv.iaforementioned tasks associated with some remedial

^technologies aM^rovpfed below:

Excavatron and Stockpiling $10 to $15 per ton
Dewatering and Water Treatment/Disposal $10 to $20 per ton
Backfilling and Compaction $ 5 to $10 per ton

assume an excavation volume of at least 10,000 tons, such that some
economies of scale are achieved. For comparison purposes, we have also assumed

CP 001002
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that any excavation on the Port Quendall property will require dewatering with
water treatment and disposal.

4.1.1 Destruction/Detoxification

Thermal Desorption
Thermal desorption is a proven and rapid means for treating soil contaminated
with petroleum hydrocarbons, PAHs, CPAHs and creosote. This technology uses
ambient air, heat, and mechanical agitation to separate volatile and^isemivolatile
organic contaminants from excavated soils. Contamirjlfid^s&ti is heated to
temperatures ranging from 400°F to 1,000°F, thereby exj||iliSg^yater and volatile
and semivolatile contaminants. Volatilized cdntaLminants%©S^piteally thermally

£&?' ^ ,£ t̂e%fe5«, JiWoxidized in a secondary treatment chamber". Other.^le'ss IsoffiiiGm secondaryy vfe jgi-y f̂nfSfî .'Tv-y . li:i$'¥r

treatment processes either condense the compounds J&f disposal^pi|aptejb|ehem
• • '-"^aft:, •?<&'̂ ' ^%i;0 s$V*** • ''* -$.•*•">•'&*

on carbon adsorption beds. Mobile thermMMesorption units are%tt-thVmarket
Jt '̂ •̂ "''•̂ •"'̂ •Vf"'̂ *^ "*ttr-* •* "

place and have been successfully used at wd1||||l||f|mg sites. The nearest fixed-
base thermal desorption facility to the projeGtla?re||p|oi|erated by TPS, Inc., and
is located in Tacoma. GSR Associated *also olS-atesi-ija fixed-base thermal
desorption facility in Everett. .^. ^

..
Project area soils to be treated .b'y IheriiialldesoEptionewould be excavated and

,*"••? ;v- "'•^^•^fT^ff^f
stockpiled on site in a managed area- isridiKltSfttreStaThent. This action would

r ,;:t> :.-f - X f -

provide immediate and long-term reduction in]|tiiipbtential for further migration
of the contaminants in th^spl. Thermal desqrption would also offer a permanent
reduction in toxicity, rriof ility and|wolume oficontaminated soil at the site. If on-
site thermal desorptiop^ used, Jrea|ed.;Soil may be immediately available for use
as^a^^ill. If oj||||e|||\ermal c|&|iipitioh were used, transportation back to the
sitfeo^fieated OROtfetfiiean fill would be required for backfilling the excavations.

"".•ffS-srsasssa. '•̂ ^s^^^ny.̂ ,, *• o

is avaiiaSletat^the site to implement on-site thermal treatment.
• ?•: ""'̂ '•r^-'-i'y'1'̂ '' '

Debrislinlpo^sized dtgeets could be used for backfill if determined to be
uncohtamirtat^ffi^tyj)ical soil feed rate for an on-site thermal unit is 20 to 90
tons per hour, ̂ osf^for treatment of large volumes of contaminated soil using

.<„."'an on-site thermM^'unit are estimated at $40 to $50 per ton. Including
r"c., excavation-related costs, the cost of on-site thermal treatment would be

iyg:, approximately^65 to $95 per ton.

treatment would also require a soil stockpiling and loadout area,A i O '

as an additional stockpile area for clean imported fill material.
Transportation of excavated untreated soils and return fill would require use of
public streets. Haul roads and truck traffic patterns for the export and import of
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soil would have to be established and maintained. Cost for treatment by the TPS
facility is estimated at $40 to $50 per ton, including the cost of trucking the
contaminated material to Tacoma and returning the treated soil to the site to be
used as fill. Including excavation-related costs, the cost of off-site thermal
treatment would be approximately $65 to $95 per ton.

Incineration
Treatment by incineration is a proven technology for sludges and liquid wastes
and has been demonstrated effective for organic constituents in soik%Parameters
affecting the incineration process include moisture conte:gte%and Jostling value of
the materials to be incinerated. The initial step in the inoilipatalin process would

jgiv ^'P^IH'^ffil

be soil excavation, which would provide an imrifieliate attfplHenanent reduction
E 5 * " " ' ' r - * - -

in the volume of contamination present at t

Incineration can be performed at either anfo%siteye©mmercial faltpflon-site
L X'̂ ;?H'CSsvcv '̂%r* VJ?"-i-.rv5?Tg'yi?'

with a permitted mobile incinerator. Th^igl^naterial at the^rBject area
considered for incineration is potentially listeil|feaste present in the Baxter

f J ,//.-v'iv,iî -.4.lt.*;̂ =-o .̂t:V i

Lagoon. The only material from the site tharmay^^^6ijierated is land disposal
restricted (K001) listed hazardous waste. Due^^f^^^iall volume of this
material, it would not be cost effectiyj|t§|m§bjlize an o"i||f^^ncmeration unit to
the site. Off-site incineration iny0tee*s^£$aTflii0lting the^ontaminated soils to a

' K&'jjf*' f ̂ rV^V"- k"- l- • l ^ "-^ vC-1-- v. s&S.'

permitted hazardous waste infinerati.||h^f|^ii|%,®^ifK:inerating the soil and
.f-:.'̂ 1 >* • " ' l $ ' ~ ' : ' • '

disposing the ash. £$'

Off-site incineration wjpd^requi|f^ similarj|6il stockpiling and truck patterns
previously described fo |̂|nermaM||orptip.ro§;'The closest permitted incinerator is
located in Salt LaKijQ&y, Utah|alSlSS|@>perated by Laidlaw. The cost of off-site

. , . .4mmm? !^mA^^ . *, nnn * c M • i j-commercial meine-rd^ion ranees^rrom^$750 to $1,000 per ton of soil, including
.•;••;• .V;Sg:si4sS'f:. ^fi-if^X'fKS^ ° •—•'•'-• ' r . (3

excavation-related costs.

>
Bioremediati'oni'halsibeen used at numerous wood treating sites across the country

"-̂ t̂ Spi'SSa,. ° J

;to detoxify soil;'GO^aminated with PAHs and PCP. The technology has not been
•:;;' '" '•• ''rr "i-?>l %%#''•$'

^ffused in Washifigtorf for creosote- or coal tar-contaminated soils. Reported
destruction efficiencies range from 50 to more than 90 percent. The most
common application is land treatment, which involves spreading a lift of soil over. , . rG;A" r o

l||>:' ; a preparedc-lfed and providing adequate moisture, frequent tilling and nutrients.
'̂ C" f Approxijmately 1,000 to 2,000 cy per acre can be processed using conventional

landU'treatment techniques. In general, treatment takes 6 months to 1 year,
'depending on climatic conditions and the soil/contaminant matrix.

CP 001004
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Costs range from $30 to $40 per cy, depending on the requirements for the
construction of the prepared bed and stormwater handling. This technology is
not considered applicable to the PQC project because of timing and space
considerations.

4.1.2 Stabilization/Solidification-Shallow Soil Mixing
Stabilization/solidification of contaminated soil using additive materials such as
cement, fly ash, and lime has been demonstrated effective in eliminating mobility
and leachability of hydrocarbons. In most cases, design level laboratory testing
is required to determine the optimal mixing ratios 0*|v soiJ^arTd additives.
Stabilization can be completed either in situ or,ex situ. Mî iii?

A- ,-f 'Ft:V. ^^^ '̂-"S^^^cSa.

In situ minimizes material handling costs anl^is the pre|efl|i|lffiilroach for Ml
™ . . ., fo , , m . , Mi? , . Jo-' csite. Ihe in-situ soil treatment technology involves7 micro^en'GapsulatiOH of

*:iOJ£ tfap' ^^^^5£Ks^ '̂'!t*i&f*'

contaminated soil in a concrete matrix. TlfpimethoH was initiall^^^^pild for
civil engineering applications to provide addMo^i^)jearing capacity folfsoft soils.
The appropriate slurry or dry mix is injecteli||^^^into the soil under high
pressure and mixed in situ with the conta|ciinat<B^^^|fe^ a tracked unit which

accomplished to depths exceedin^^OO'^fliSpng^this method.
' '

The encapsulation of the coMaminat|d soil "Mij^f toxicity and mobility, but
does not reduce contaminaM volurnti'. The encapsulated material also acts as a
barrier to groundwater^Movernen|f and so.ilFmixing could be implemented in
conjunction with othef|fl\ysicalx|b&ainme:nt barriers ultimately selected for the
site.^

ion soil technologies is the
treating contaminated soil.

This g ^ l e ( u c e s tKe^|psure risk of site workers and nearby residents, and
stockpile areas, loadout areas and heavy truck traffic onJ- \ t * .

ic roadways^@^sfe> for shallow (less than 40 ft) soil mixing range from $35
^fto $75 per ton, depending on depth and the slurry mix required for the site, with

Mjj placement rates^typically 40 to 60 tons per hour for each mixing rig.

4.1.3 Disposal
*-::r?|-t̂ %,̂  ^ .̂,.̂ @ii''
•̂ ||pî il|l|phe project site that are classified as containing a listed hazardous waste
^^l^iiwwKich there are no land disposal restrictions in place could be excavated and

transported to a permitted hazardous waste landfill for disposal. These materials
may be generated from the tank farm or butt tank areas of the Baxter site.

Remedial Technologies
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Hazardous materials disposed in a Subtitle C Resource Conservation and
Recovery Act (RCRA)-approved facility would be prevented from contaminating
the environment by placement in a secure, lined landfill. RCRA landfills are
equipped with liners and are capped to prevent off-site migration of
contaminants. Monitoring for leaks is also implemented to provide early
detection of leachate releases so that actions may be taken to safeguard human
health and the environment.

Disposal provides no reduction in the mobility, toxicity, or volume of hazardous
material. However, the risk of exposure to the contaminants at thejsfte would be
immediately reduced by the removal of these soils. The j||i|en|jM' for these soils
to act as a continuing source of contaminationfto the .s'MSsuriace would also be

" /'.W;;!3-' ^Sis'.-'i-'-J r̂Si.

during ;^
i;.-,'vJ. •>';•££ i '£•'..•,

Cost for disposal at a hazardous waste landfl||̂ |̂|̂ :om $100 to $200 per ton
of waste, including transportation, depen€ing^S;ffi|ii.e characteristics of the
material and the amount requiring disposal'. Incluilp:gl||xfeavation-related costs,
the cost of soil disposal at a Subtitle G|l!aridfill wouidlp^agproximately $125 to
$245 per ton. ,^^^^fck ^i^'

4.1.4 Containment Jf Jr
' ' "''

Containment involves leaj|f|g the^Go'ntaminJfed soil in place and designing a
system that isolates the/iiSetium fr©m direct Contact and reduces the mobility of

J i-v^Vi'?/ --Vs." i~' -f')'-&: J

the contaminants. pohtainm|rl%techn'6T6gies include surface capping and
f£v fell f'W&^^s^s ° rr t>

subsurface physiealibafriers sueHsasssl'eet piles, HOPE liners or slurry walls "~
•j'sgffil**. .̂ iî f̂ig^g^ . ^%&%£^

r^VTii^V/^'pi^Y^/^ntOfni^io'riri-^fVi'i'iTrotir^n '̂ ~ r̂'̂ 7;̂ -

to

Capping
This xm^MWd: .'limits human-' exposure to contaminants by direct contact and

.,i?,*S4f$i.-' f^' I'-fQr'?*:'. ' "•>'vr'1**'?:'(i*
1."'.̂ ;;.;j '-.•' *• +

mirilimizes the fflafis^p.rt of contaminants to groundwater by preventing recharge
^by rainfall. Po|̂ nliiSl|eapping materials at the project area could include "soft"

.-pi caps, such as to:p;s6iKhat may be underlain by compacted clay or synthetic liners;
and "hard" capsi; such as buildings and asphalt. Some form of cap maintenance i
is typically required to ensure that its integrity is not affected by site use or 7*' / ^

i;dimate. Dipping does not represent treatment, so toxicity, mobility and volume ^ ^
would not be reduced by this technology. However, the

for contaminant migration to occur is lessened due to the reduction in
infiltration. Both hard and soft caps are easily implemented, at a cost estimated
at $2 to $6 per square foot, not including maintenance costs.

CP 001006
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Double-cased or Pre-grouted Pilings
The potential need to install deep piles (80 to 90 ft) for building foundation
structural support may require that a system be implemented to prevent DNAPL
migration to depth along the exterior of the driven piles. A double-cased pile
design would entail driving an oversize, open-end casing to a depth below the
level of contamination, with the contaminated soil inside the casing then 0v
removed. The pile foundation would then be placed inside diis casing and driven
to the required depth. The annulus between the pile foundation and the outer
casing would be grouted with a cement-bentonite slurry and the.^uter casing
removed. The cement-bentonite slurry would providej|the IpJ^permeability
barrier to DNAPL migration downward along the pile foHoM&tfSh.

y'V

A pre-grouted piling system would consist o|̂ et groutin.g^S^^p^ at each pjfe
location, with the grout material injected irdp the subsurface'a^li^llgrjes.sH^to
a depth below the contamination. The fdupdatigr^piles wouid^fl |̂|SppT[aced
through this grout, with the grout acting|î |̂ Jow permeability^ffarrier to
downward migration. The cost to implement|e:i||irp|||hese additional measures
to the piling structural support system is eaŝ ilhat!e.ips|@^Q to $70 per linear foot
of piling. These costs will not be included in the F^gmll^i's^technology may be
• i j i • j i .^/{ff\-!A.v-^TTf • j j '̂ & î]J3$j&i£A<£&t r «j iimplemented during site development4ip||̂ mred due*ti|lppresence of residual
DNAPL remains within the prop^p€^l |̂iW§ment areaf^''

-,V- v- "

4.1.5 Institutional Controls and Mohitoring
Institutional controls an^liftonitoriMg are typical components of most cleanup

Jjggprc' ,,̂ - O %& C f

remedies, ensuring thatlluture ac-tibns at th'e site take into account remaining
. . %£& . . ̂ S:S ,»^>f . °

mialniWde of tHe|ti0ii[ibft©ls and Tritensity of the monitoring will be determined
"̂ î ^^gKg*;-, "̂ ¥?^£dSf%, . J °

4.2 Teehnolpgies for Remediation of Groundwater
'"*-'"^'VvV-i'ViVJ',j:-*;

number of^eMejbgies to be evaluated in the PQC FS have been compressed
to the accelerated schedule. The remedial technologies for groundwater

summarized in|Table 4-2 are currently being considered.

.
DestrJfction/Detoxification

Grotihd\A/ater Extraction, Treatment, and Discharge
Groundwater extraction at the Port Quendall site is currently intended as a
backup measure to provide groundwater capture upgradient of a containment wall

Remedial Technologies 4-7
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should in-situ treatment not achieve the required criteria at the point of
compliance.

Table 4-2 Potential Remedial Technologies for Impacted Groundwater

I.

II.

HI.

IV.

V.

VI.

VII.

Reuse and Recycling - none considered

Destruction/Detoxification
a. Groundwater extraction, treatment, and discharge
b. In-situ groundwater treatment
c. Natural attenuation ,

Separation
a. DNAPL recovery

J

Immobilization - none considered^;?'-,
•~nt?t--t.3&

Disposal - none considered

Containment
a. Physical barriers ...̂  -,.„.-,„.,..,r».if.-.sl,;

.ĵ lfliipvK "̂ pl̂ ^
Institutional Controls^anjIsMo^^ing^ Ji^

^

.f?*?&^ ^ îKî fefc
4--?'1'* î̂ SjSjiSif

M? ..î  '̂ SSS ^l

Detoxification of contaminated grQpidwaterJi^'frequently performed by using
pump-and-treat technQlb|y?? This|^pproach|jnvolves the use of extraction wells
to pump groundwaterivjfrom thejsubsurf^g^ where it is treated and ultimately
discharged or rei.njlctgii to thefgr|[ii|el^ater. Pump-and-treat systems may be
i Ĵ-SS.!!. , i_ ^@ik'i¥':. - V-V^S'S^fe^ • i /- io ŝig |̂d as the^Ei'maryjvmeans origr^iiindwater restoration, or may be configured

^fpi5^deNhydrlltiliiE::?c6ntainment near the downgradient edge of the plume of
••fi-r '̂K-Si^ ''•-•'•^ "'i^i'.1'" ^.-.' '''•.V">- ° O F

dissbl^d co'ntarmnants^by^reiTiovine and treating the contaminated portion of the*%'• "«ev5'i'- • • • • • J ••-fsf.:&. o o r

JlJse" of a grotaMpater extraction system will require treatment. Treatment
technologies w||e||elected based upon site knowledge and Presumptive Response

,jjj Sfrategy and Ex-Situ'^Treatment Technologies for Contaminated Groundwater at CERCLA
J5f Sites (EPA, 19p5) and include the following:

-̂-.p.y.-\* /iroh> • PHii Qf* ^PI^H rati nnS' •£*.':'.yjt'.f* ̂ *•"•• ̂  JL"1 LdOt- Ot- L/di CLLl^Jl I

v$ .̂̂ ^ ;̂î .̂ -Tv^^ . —,

Precipitation
Filtration
Aerobic Biological Reactors CP 001008
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• Chemical or UV Oxidation
• Granular Activated Carbon Adsorption

Discharge alternatives include NPDES discharge to Lake Washington, re-injection
to groundwater, and Metro discharge to the Renton POTW. Temporary Metro
discharge permits for construction purposes typically are restricted to
approximately 60 gallons per minute (gpm). More long-term discharges for
groundwater treatment systems are typically restricted to 17 gpm although
variances may be sought. Metro discharge criteria are typically morejenient than
NPDES discharge or groundwater reinjection criteria. ^ ^^

Phase separation and filtration are assumed tojte requirffjp^any groundwater
treatment system. Precipitation or sequesteHTi^chelatin^i0|n'̂ lexing may ^
used to prevent inorganic deposits, particularly iron, an?^ma%fafsilferve to limitr t> r ' f =?7i; J .$?& J^iKM:Zfgii:k* *̂3&
biological growth related to those compounds. BioGiifes may alfolibesintro'dliced

'i":-v'v-., tv<7J r'|;';s;>;>;-.. s&-~
to prevent biological growth. Biological retet;0)f%$rid oxidation sys;(?emsl*may be
used to pretreat the water prior to polishing B||î |||);n adsorption or they be used
as stand alone treatment if discharge is to ti\evR^Morte|i)TW. Carbon adsorption

O 'if-ij,1* **%-''̂ '*$'̂ '-&3£&t5''

could be used for polishing of pretreated water, as#ffl!vtibned above, or it could
"<ft!f;W^W«fe,sJ |̂|̂ iE^>f carbon treatment

%"'"~" i or reinjection to
groundwater. Estimated cost fq^grounll^el^jmcMpn system is $25,000 per
well with $2,500 per well in aBinual opefations^rMliiriaintenance. The estimated" /%' r.?'^ v^ViS.K;̂ :̂
cost for a 100-gpm water treatment system is $500'000 with $200,000 in annual

Ol. f'*?*^ 5^* i"" -JV ^

operations and maintenanjg, not^mcluding/;any costs for discharge. For cost
estimation purposes, we^h'ave assumed only?carbon treatment prior to NPDES
J!..! m - _ , . . - . _ , _&&•• ^-^..-.^fe will only be used should they

treatment.

In-situ Gr |̂nf|vvater
It is anticipated|that m^litaJgfrDundwater treatment will be performed under any
remedial alternaiiye;that does not include excavation of all soil exceeding surface
wafer protectio;ji5s(-anda.rds. It is further anticipated that in-situ treatment will be

-combined withcaficeintainment wall so that treatment may be focused along the
""„ wall where flowtpaths converge prior to groundwater discharge to the lake.

" >•__ In-situ air sparging is often an effective approach that combines air stripping in
•"'"" '^plsLcejmth in-situ biodegradation. Air is injected into the groundwater, using

* ^ compressed air in a well bore that contains a screened section below the water
'fable (typical depths are approximately 10 ft below the water table). Where the
contaminant is concentrated and particularly volatile (e.g., benzene, methane),

CP 001009
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the potential for migration of vapors can necessitate combining air sparging with
vacuum extraction in the vadose zone.

In-situ air sparging would elevate levels of dissolved oxygen in the formation and
stimulate degradation of dissolved-phase constituents by native organisms present
in the groundwater. Elevated dissolved oxygen levels would remain downgradient
of the air sparging and would continue to stimulate biodegradation of
constituents prior to discharge into Lake Washington.

^Aeration would also raise the redox potential in the subsurfacejpencouraging
oxidation, and therefore precipitation, of most dissolf^.^ n^ttals (including
arsenic). This would reduce dissolved metal conGentratdl^sliliferoundwater but,

/s&<PiP ^^SSSpfesK.
/•I t * a + *~± *^'Vf*s*i *^i 4- r» +• A «->l y-v «•<-«•* v^ rr *-vf »-»x-\^^ r»«^ r» r^A «-»-\ «t-m r /rvrfW ^>^^v^-» *-vl i /̂ rv4^e£).-t+;lr\'*»:?¥:»'v^»"*I ̂ »-V» ̂ *^+ O + * ̂ Virrv

$350,000 per acre of sparged treatment
. _ .

Natural Attenuation
Natural attenuation can be an effective m£knssf©nj.ainment and eventual
cleanup of contaminated groundwater. JN^nitorirfg1Jis||g|[^ired to confirm that
natural attenuation is adequately pjj|£e||i£e. Seve^Mij||M-scale results have
demonstrated that natural attenu;iaS^:hf0ilu^», and tlfaf it can be protective.

'•f'TZ':" ••'r.f?î -*'t*'y5yf*>n.i'.. ~'':-' *•-. ;,. •
Natural attenuation rates for.;^enzene^a%Mfl^Med«yolatile organic aromatic

--S1 ,;••:.-•" "'̂ •^s î̂ '-^&ff "
compounds have been measured at several site's*iciWthe rates are generally in ther f-f ?'~f *'?'%«St̂  ° J

range of 0.5 to 1.0 percengpSf day (^Kianget ajj,"l993). These contaminants are
the predominant eroundwier coniiern at thefsite.

" O i&S f̂ .'j;ii.;w J¥-y'
-

There, is also an inereasine undeTsiandi;hg?of the types of information needed to
f4Si^i: --.•rro^vrJSp.y^ o :̂ Sm->^Sw-jp'O ^r

demv©ris.trate an^yiefpthat naturllSatrtenuation is occurring. Plumes undergoing<s%issaf%- .̂m?mi&. „ ,':v;"' r L- • u oi>^ra|tenuatiorv~generally exhibit zones of anaerobiosis near the source area,
&y§J|!W^̂  oxygen at the plume boundaries. Such

^mpound deg|aEiMghacteria in areas with dissolved oxygen concentrations in the
.grange of 0.5 to phig^rand losses of the most degradable constituents earliest in

Jf the plume (BoMen^f al, 1995).

|ggs& Limitationsgldn natural attenuation are similar to those for any other
'*"• ^x*ii;v'-'£-''-^- •~*'-&y ^

^i^Mibioremediation nroress. The contaminant of c o n r n must ffi-,;.-... .-.^,-^v^.v.^^^^.^^ process. The contaminants of concern must be sufficiently
*i'-i'i''fSS?'"3';v-;K?*?r-'''(̂ .-:-'Sir x '

^^^!|î i|graidable, and the environmental conditions must be conducive to biological'
^^aefivity (e.g., adequate pH, nutrients, and a lack of chemical toxicity). As

described in Section 5.4, the potential applicability of natural attenuation to the
Port Quendall redevelopment project was evaluated in groundwater modeling and

Remedial Technologies 4-10
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treatability work performed by RETEC. Based on the conservative assumptions
used in the modeling work, natural attenuation was assumed to have limited
applicability at the Quendall site for contamination from shoreline or nearshore
source areas.

4.2.2 Reuse/Recycling— -DNAPL Recovery
There are three areas at the Quendall Terminals property where DNAPL has been
detected adjacent to or past the current Lake Washington shoreline. These areas
include the former May Creek channel, the Quendall Pond area anil' the North
Sump. These areas are discussed in Section 2. Based on the derajiif and location

i £::&•'•;'£•* X*|F

of the detected DNAPL and the bathymetry ofjhe lakej^^m; the DNAPL in
the Quendall Pond area currently has the potential' to irriiia'Gtts'eliment quality in

J r VTgtyr ^SX^igsfiiMS'.vk " } fff

the lake. Migration from the former May C||SK channej£|ibTi||S:|jia^rjear to have
reached the lake shoreline. Migrating DNilPL fromCMe NorallSumpfehassbeen

° ° -v î ^^ ' i * s ' ' ' ; ' *
limited to depths sufficiently below the s||jjtoejv|@mud line
sediment impacts unlikely.r J

DNAPL recovery tests were performed by^^woo8:̂ |ii.i©l>y îe at BH-5 (Quendall
Pond) and BH-21A (former May Creek ̂ channel). lS|î ^^LBH-2 1 A recovered
to full thickness (5 to 6 ft) in approxaitlalMpJ 6 hoursfiiM^very of DNAPL in

^^-^-jrbv^ '̂i'î -^v^ î? '̂" -'

BH-5 was substantially slower. Howeve'KJloafeii^n observations during sediment
j&&'~ ^S^- '̂̂ VfeiisL •''•?-'

sampling and evidence of sedinient imp^ctsliitii^uldrappear that more mobile
*• ° X'ijf .'& ''effS'-ifr&fcw--?' '•

DNAPL exists at Quendall P.01id. In,-;additionplSe^tb the distance between the
^" . -fit-' :S'S' Sfe*^ '̂"

detected offshore DNAPJ§®feposits|at boring|^vS-2 and the presumed DNAPL
source area at the North||jimp, it|(|puld appear that DNAPL in the North Sump
area is also mobile. |# '

Thelmost effectiv.elfnetyhod for reGov.enne DNAPL, that does not involve extensive
^^ftKS^S*. „ , 6 c ' , .groii'ndwater extraGmonfifcto install subsurface trenches that intercept the various

o vgimfc-tt.^,^. -..r-'tfe'sj.;; .̂ r
lensesMf|pgating DNA|||g|̂ perforated HDPE DNAPL collection line is placed
in the .bi0ttorri^S.the trerlclifa'hd the line is connected to a recovery sump. The

^ ',%^:v"":-:' *;•&--• '^V*-'^'^'^ vv'V-j •-"' ^ •*•
tren"eW;is then;:0alkfilled wi'th a coarse grained matrix. This matrix is designed to

.ffte"" '!fejA:.;v-̂ :> ° °
^prevent cloggiw^by);native soil or piping of native soil. The trenches in each

/>:location wouldSbeSnstalled to a depth of 20 to 25 ft. These trenches would be
.iffii- 'fSi ".£'" r

fl" installed using?bj.oslurry techniques, trench boxes, or using specialized trenching
equipment. The approximate cost for installing a DNAPL recovery trench is $30
to $50 per^square foot. Additional costs would be incurred for pumping

^ piping, and operations and maintenance.r r o r

CP 001011
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4.2.3 Containment—Physical Barriers
Physical containment is anticipated to be an integral part of any remedial
alternative that does not include treatment of all soil that exceeds surface water
protection standards. This physical containment wall will likely be placed upland
or nearshore along most of the Quendall Terminals property shoreline. A variety
of construction materials and installation techniques are available for physical
containment walls. For the Port Quendall project we will focus on slurry walls,
steel sheet piles, and HDPE sheet piles. Should in-situ soil mixing be used for soil
treatment, this technique may also be considered for physical containment wall
installation. jib. i ? f V

Physical containment will prevent lateral migration of Bl|§W[teowards the lake
* 1 Ct'~'r-y'.\f s'ff:^fyi'fi J'1«1^V'™».S ft?^'"

and may assist in the containment and treatrneht of groimSwttel^Khe wall mly
^ cu'wii* O dvci£^ '̂ •̂'•'••'̂ •̂'"-"i-s?'"̂ '̂.-- M1

be installed with gates at the top or bottomgat wouldfMow co'nl|rM|ie|l|d,i|GKiâ ge
of perched groundwater (i.e., water from drajfa^e js^stems aboveHflsSp|EPheable
cap). Installation of these gates would^^ppfccult using the^slurry wall
alternative. Installation of the slurry wall ma^i^^i^difficult if the wall is to be
placed in a nearshore fill that is comprised,olHincom|t^tld^soil placed in the lake.
Slurry walls are typically 3 to 4 ft thick andJhave a rT§S^M|||conductivity of 10"7

to 10"9 cm per second. ConductivitiesWaWMependirtteiriffie type and amount
r ^WijS^S .-'•'•- 5S^X c^Ti-^r J r

of admixtures and the characterisScs^v6^ip|i!EXG^atedj>^oil. These admixtures
include bentonite, cement, fly ash, and altatmlliifefSlurry walls can be installed

•* ,- «•'•• * ? - , • *- 'V£"*'5?'"?*1'-*'''''̂ '̂ -'* '̂'1 J

to depths of up to 80 ft at ajbst of $J£to $ 12J|i|ffs1fuare foot.
.•"?' !•&

M ^
Steel sheet piles providejjBetter structural support than slurry walls. The principal
.__u_:_i --------- ^.u^di---! _u__i:--:^:i__ -- amount of leakage that may occur

rolled steel piles with conventional
.5

decrease
as tnJi^fipcprrodel,|!pil become clogged with silt. Steel sheet piles can be

$20; to $30 per square foot.

MDPE piles cang |̂|gpverall seepage rates. Tests on HDPE sheet pile interlocks
^indicate that thjejsieepage rate varies from 6 x 10"8 to 3.3 x 10"6 gpm per foot of

,4|f interlock (GeoSyntec, 1993). For a 30-foot-deep, 1,000-foot-long wall, the total
}pi seepage rate would be approximately 4.5 x 10"4 to 2.5 x 10"2 gpm. This converts
^tk to a hydraulic conductivity of 1 x 10"9 to 6 x 10"8 cm per second. The primary \
rgi^lonce^njregarding HDPE sheet piles is whether they can be installed in dense soil l^f
ff^p^vprhigh cost relative to slurry wall and steel sheet pile walls. HDPE sheet/^'

"!:piles can be installed at a cost of $15 to $25 per square foot. ^

CP 001012
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4.2.4 Institutional Controls and Monitoring
Institutional controls and monitoring will be an essential feature of any remedial
alternative for the site. Long-term monitoring of groundwater will be required for
any in-situ treatment option.

Property deeds could be restricted or have deed notices imposed to prevent any
development of groundwater for drinking purposes within the affected portion of
the site. Monitoring of groundwater quality would be conducted in conjunction
with other remedial actions to track the composition of groundwate$^and ensure
adequate performance of in-place remedial systems or Ae Jffectwerless of natural
attenuation. *

'

Wfe&r£45^vv~ 5^ .̂̂ " '̂= .̂-

4.3 Technologies For Remediation of Sediment«* ?** <*»• %sassv«£«;--:rJ3!

This section addresses the technologies thatfean besfsed to ..... ,.
O r»TSfJjT"''-!(?i «tfe/'lT 1 X'-ri'SK '̂-Q'̂ i'-jiCMW

alternatives for the Port Quendall develop@eift|ai\d it presents a''syn'6psis of a
detailed analysis of technologies presented i^j^^^diment Remedial Technologies
Memorandum dated June 23, 1997.

This section is limited to removal .©fJlis^Iation tecftSm^Sn'es for the in-water
iv--i'ii.y^ji^F'-~si*'^i=- -vS *• *?TT •¥'

construction activities. Final treatmeStSofip'ddments oifat have been removed,
•'•;>$?•"' "'̂ Î WSi'- .̂ '

md de-watered willfb^itrles§arneilas tltransported upland, and de-watered wij|f Bi^ffie^amj|^as that described for soil
technologies. '•-•• ,/*

"'" :-'iS£C:-S!"'
JES

«• • • -;\^-^-.t*; A;r~-
Sediment technologies serened foi^ase at theffPort Quendall site are
• T"» IT ^ O J-> * i "* * ; '̂*'̂  X'tXVin Table 4-3. ^ {p ,^f

-?%. :tf __^'-"-
^?% .;;isSs*s4 :;u

4.3.1 rfliledqe arKOTemoval

summarized

presented three basic options for sediment
removajp^i&se are: ''?:^..'*,;

;;^^Mech^Mf '̂e4ging. Mechanical dredges remove sediment by applying
*f^ mechanlical^^rce to dislodge and remove the dredged material. A

typical medraTnical dredge consists of a suspended or manipulated
bucket /lowered to the bottom that "bites" the dredge material and
raises.l't;to the surface.

CP 001013
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Table 4-3 Summary of Screened Remedial Technologies

m•i'f..."-i

%$

Media

Soil/Sediment

Groundwater

Water Treatment

.-<6,̂

Technology

Excavation
Thermal Treatment
Incineration (K001 wastes)
Subtitle C Landfilling (F-wastes)

In-Situ Soil Mixing
Bioremediation
Capping — Soil

Asphalt Concrete Pavement ^
Synthetic Liners /li'-l^f
Clean Fill ^

Capping — Sediment^ '
Full Cap
Enhanced

Double-Cased
Institutional

jj?

- / ' v
Biosparging xf^*
Pump-and TreajtF :

-^-JiJ ''•-•

Physical Containment

Passive

£f Trenches '%$; * \>
f Wells £
jf ^V; :''f/

/Institutional Controls

PhasjelSeparatipn

r Dissolved-Air Flotation
Physical'Treatment

Sedimentation—Sediment Dewatering Ponds
•IS .̂ Coagulation/Flocculation

JE1 Sequestering/Chelating/Complexing
Filtration

Biological Treatment—Aerobic
Chemical Treatment—Chemical or UV Oxidation
GAC Adsorption—1.24 pounds per 1,000 gallons

Hydraulic
Cutterhead

Mechanical
Cable Arm

Excavation

NOTE:
Bold - Technology used in cost estimating.

CP 001014
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Excavators. This is a sub-set of mechanical dredges which includes the
backhoe and loader, both of which are limited in reach capability.
Special closing buckets are available to reduce sediment losses and
entrained water during excavation. Excavators are usually applied to
dry or shallow water situations that can be accessed from shore-based
or limited-draft floating equipment.

Hydraulic Dredging. Hydraulic dredges remove and transport dredged
materials as a pumped sediment-water slurry. The sediment is
dislodged by mechanical agitation (e.g., cutterhead, augeipor high-
pressure water jets), and then pumped to either a w|j|iing^airge or to an
on-land dewatering facility. r^.5 y £

Mechanical and Excavating Removal 4f .< -̂ v&spxw&i- •<**
A§ £*f''' ^M&$w$$iF

Mechanical dredges are analogous to the familiar upland excavat=i0nji;e|;ui;prnent
such as backhoes. While there are a nuMSelSoX different desim- styles, the

i.!̂ ;̂ -.̂ '— :̂̂ ..;.'̂  O J

mechanical dredge is basically a suspended bfl||lifet. grabs discrete volumes or
sediment and raises it to the surface. The dTedge|l|Mf||cial is then deposited in
a haul barge or other contained conveyance for transp]||f|i!M. rehandling to final
disposition. Under suitable digging;.Gondilabns, mecn*|pS§Mlredges are capable
r\£ vOTYt/-*ir*t-»rr ^•r-»/"i rrc*r\ TV* n-frovi O 1 it1 n oo'Tv;».iwlr7f'i/*?H dirt CM *-ioc? i iri/ivr^ o 1 YY"l(")Cf' T"IO r*/"^/"^'*'i/"^1'"*0'

water entrainment in the dredgld mass andllit=€e|foeeiwater in the filled bucket.
This low water content is highly important if^\|fpnng is required for ultimate
sediment disposal. Mechanical dredges provide? one of the few effective methods
for removing large debriis|/'; ..$£ . rU

Mechanical dredgi^gJllapplicabi^^alirthe sediment remedial options, including
w;oj|||w#iste refffi^^;:. For tfes|g|fshore removal of wood waste and PAH-
:fe:s*%-2s-^*~j seHwrpfj^jat T-Dock and Quendall Nearshore, an environmental

For nearshore excavation at Baxter
removal option, land-based backhoes

lacing sheet piles or coffer dams, and dewatering the site.

To limit water^qiMity degradation, the use of a specific type of mechanical
environmentalfjdredge, the Cable Arm® (Model 100E) will be used for dredged
removal to -3. jt ambient bottom. The Cable Arm® clamshell has demonstrated

•* successes in^t'he Great Lakes Cleanup demonstrations at Hamilton Harbor,
- ©ntano^Hydro and Toronto Harbor (SEDTEC, 1997), U.S. Navy at Pier D,
^Bremerton, Washington, and at the Dow Chemical facility in Freeport, Texas.

This unit presents the best option for sediment cleanup with minimal water
quality impacts.

CP 001015
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Conventional excavating equipment can be used for removing contaminated
sediment and debris in shallow water. Although normally land-based, the
excavator or backhoe can be positioned on a floating equipment spud-barge for
dredging. Large construction excavators are available locally and can handle 2-
to 3-cy buckets allowing dredging depths approaching 20 ft. Land-based dredging
could dispose dredged material into waiting trucks equipped with sealed beds,
while barge mounted excavators would require a haul barge similar to clamshell
dredging.

**>•
Mechanical dredging is the only dredging technology appropriatejpr removal of
the 50 percent wood waste, heavy wood debris, and ffj|^g©tfed Grey Zone
sediments if dredging of these materials is required i n i f f n a l remedy. Unit

r i - i , r • ,̂ ".:>J '̂ S%IiW. , J . , ,costs for mechanical removal of contammated^sediments a*eMepe:ifn.dent upon th*e
fifj' -̂ ^^p-S^^SiSi. - r ,--«:

particular remedial alternative selected, bujflre generally bel̂ ee|||$|tO and,$60
per cy. Wood waste and Grey Zone removaflwill be-$etween SBWnfelt^i^r cy.v y y asgfe, ,/#p y

Hii:yff
Hydraulic Dredging ^S^Ji®,

Hydraulic dredges remove and transport dreJTged mteillas a pumped sediment-
water slurry. The sediment is dislodged by med^amlM§a]ii®taon (e.g., cutterhead,J ° ..K/Kjcs-, "^apfcsgpgy v b

augers, or by high-pressure water jets-)^JEn%ew soft se"iii|ff|if^ it may be possible
.-CikrJ^^^";" '̂̂ ;?? .̂'!''**,'̂ -. '^flz.Kijri;''*

to remove
the sediment
"vacuumed" into the intake pjpe by thj^dred^lpt^p'and transported over long
distances through the dre.dg^dischai^;e pipeline

or by high-pressure water jets,|̂ MWe^ soft se"Md®v||tf̂  it may be possible
ve surface sediment by straiM^su'lilSnmnd/or Bpfbrcinp the intake intoj .si^jf'^ •S'̂ --5i'-v':iv-i' • %3 °
iment without dislodgement. ^M|M0s'ened^§lurry is essentially then

" i '

f'drldgpllis applicable only to the full, partial, and nearshore
ent 1fa;ei|i||̂ ernoval options. Presence of wood debris which

Ajoj|l|IMptiie hydrafflpplpeline, would lead to dredging down time and
pwaterl|:(Mi^problems. The proposal to use hydraulic dredging assumes

that lal^lqu^ntities of wood debris are not present in the dredging
area.

• The ajea of the CDF is insufficient to handle bulked hydraulic
^llpfe sediment slurry.

4̂ S|e|;-- /fe^V"ood waste (above 50 percent) cannot be dredged using hydraulic
"•-feffi^"^' dredging.

CP 001016
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The cutterhead hydraulic pipeline dredge is selected for FS conceptual design.
This is the most common hydraulic dredge, with about 10 capable portable
dredges in the small to medium size range available in the Pacific Northwest.
Available operator experience and skills are high. Sediment remedial
investigations by others (U.S. Army Corps of Engineers, U.S. EPA, Environment
Canada) have rated highly the small cutterhead dredge for contaminated sediment
removal. The cutterhead is the only hydraulic dredge capable of effective
operations if debris is present.

M-*'
Unit costs for hydraulic sediment removal of contaminated ̂ sediments are

J >Sa f..̂ >

dependent upon the particular remedial alternative sele|||d^Kut are generally
between $50 and $70 per cy.

4.3.2 Capping
Sediment capping technologies are approgM|e^tpjfbth the SectM||i|iap and
Enhanced Natural Recovery options. Whil'e|]|l|f|pent technologies^afe similar,
the difference is that the Sediment Cap would|E|ipiij[e|̂ [acement of clean material
to a depth of 3 ft to isolate contaminantsf whifetErmanced Natural Recovery

'*••" ^• .̂i£fi*':£'VV" if£^v
would place only 6 inches of materials. ,..f:t. .^i-v^^,^.,r J ..'::•$<&«&

There is a variety of capping pl^ee'm'entilrn^Bhods eifener used or consideredJ ff t> V;-.. ;*^SrSfeî  /'&
ere Palermo etal. 1 5 , ? ; The m e ^ s m ^ e h d r a u l i c i e l ielsewhere (Palermo etal., 1995,)?;; The me^Ms|m^^e?hydraulic pipeline delivery

,r< v £•# * ŝ&4i$gf!yF J r r J
to either a floating spreade|fbox or^pibmergeagdiffuser; dozing, clamming or
washing of barged cappi|i^ materials to st|'Me through the water column;
distribution by controllgfdischargpfrom hqplper barges; mechanically- fed tremie
to the bottom; high-pressure sprayMg (momf oring) of a hydraulic sediment-water
slurr|)|across the ̂ pefjsurface. Aff^M^i' factors in selecting the cap placement
methW-ds to afsure¥rrtmimum feaapme; thickness over the entire remedial area,
'~;a;'%.£\>;*i<f% '^^f^KsHK. r °
liiTut'^feSpspensiori'"andfllossalof contaminated sediment to the water column, and

•~-:S&*pflK!'gi&i "' ' r'-SfSSi'?'? ,̂
preverf§|mi^ig of the^Qn^iminated sediment into the emerging cap layer.
Experiencfe:e'lsew;here ha^corifinned that allowing the capping materials to settle

r ,-.>''«.iP"^^"4.-i-T:=S-:i *-f-:a.i"' & rr °
through" the^aler^column^ rather than impact the bottom as a dumped mass or

,.density-driverii:;!ri|7.dr-aujic flow will tend to satisfy these requirements.

£j(j Based on considerations presented in the Sediment Technologies Memorandum
;S|| (RETEC, 19J>7t), the clamshell placement method is selected for the FS
;!sS|; development 'as the best method to more reliably achieve the required accurate
^;isp£n(Lconsistent placement of a cap at Port Quendall. Unit costs used for cap
"''"1~' i l"" i t 'u '" ' range between $8 and $14 per cy.

CP 001017
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4.4 Summary of Screened Remedial Technologies
A summary of technologies that will continue to be considered for inclusion in
remedial alternatives is provided in Table 4-3. Technologies that were used for
remedial alternative development, evaluation, and cost estimating are indicated
on the table in bold type. As this FS deals specifically with considerations for the
Port Quendall project, technologies not used in this FS are not precluded from
use during site remediation conducted under different development assumptions.

CP 001018
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5Screening of Media-Specific
Alternatives

This section provides a preliminary evaluation of remedial alternatives for the
Port Quendall development. Based on the affected media and inter-relationships
between the alternatives considered, the alternatives were divided into four
categories: .*

'

• A - Soil (Includes soil treatment, DNAPL
• B - Sediment (Includes mitigation)x O ' ^t~:'

• C - Groundwater fr""
• D - Containment Wall

vf ' . - i - -1 ...
. . ; . . ^ '•*&!%&£.. Vil̂ C'

Unlike a traditional FS, in which the univer^^f*refnedial technologies? is^put into
the screening process, this FS only considersi!:i|^s|^ternatives which contribute
to a minimum level of protectiveness and wWir^arpl^^^Ltible with the proposed
Port Quendall redevelopment project. Alternativef||uM||̂  "no further action"
that do not meet these project-specificgn|(E'ria have no^^^xduded prior to the
screening step. •$fZ;?-v&-f<" -^SH *%&>O i .-.>?:, -^-- '• i"r'.t i^. .-.''.v^;*/^:'* -<A:

5.1 Screening Criteria
This preliminary screeni^gl^vas p^efformed t^ reduce the number of remedial
alternatives for detailed^yaluationf? Prelimin'ary screening was performed based
r\n i- V\ e* fr\\ ^ r\\x n r» IT t V» na^AVî >vi i- <avi o • ;̂ ^T!£L î:- i

, . .
Scrgeriing was based -pn a relative comparison between each collection of media-
sj5ecific alternativesj'as' described below.

5.1.1 Implemehtability
\ The technical ability to implement and operate a remedial alternative was
, 'evaluated^ Most alternatives selected included the use of conventional
*"">" i •'Sj'̂ .-^s'-'-' iS-y

t tec^hniprogies with readily available equipment; therefore, most alternatives
'" evaluated in this section are implementable. Rather than provide a simple rating

for each alternative, a brief discussion is provided in tabular form in the following

CP 001020
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sections. Other issues, such as schedule constraints of alternatives were also
considered under implementability.

5.1.2 Effectiveness
The evaluation of effectiveness included short-term effectiveness, long-term
effectiveness, protection of human health and the environment, and reduction in
volume, mobility, or toxicity. Rather than provide a simple rating for each
alternative, a brief discussion is provided in tabular form in the following sections.
Short-term effectiveness considers problems such as exposure of rj^iediation or
construction workers to contaminants or physical i&aneeEs!̂  Long-term

if'$$vs2fe'- t£r<Jf

effectiveness considers the degree of certainty that .ttitellaliernative will be
O -• •• -J- 'y^^A&^cS^tr^-f-

successful. Protection of human health and||̂ e envil^^^p^considers risk
reduction, and reduction in volume, mobilitj|p6r toxicit^gSo^S^llllSjestructioiit^
contaminants rather than containment. Jif ^ ^s '̂Sife. -^

is?3j-
^•3ffi?.". "•-'-• -*fv?,ii>s-:f:V3!t,3f'
KOTff.::- *>»Vf ^f^S^

5.1.3 Cost
Costs were evaluated on a relative scale |i@r*Di®i^apvital and operations and
maintenance. A continuous scale of minimal to ve^ î|̂ vas used to describe

presented in Section 6.

5.2 Soil Alternatives /
'V--*!*"

Soil remedial alternatives^lielcompile'ci and evaluated in Table 5-1. Soil remedial
alternatives include soilSi^eatmenli DNABll^
, SS'&t ^ _ . .&s&\. . _ .,&$?

three activities are:
/%

•'c;;.--̂ .;̂ .-;.:,;

Hazardous waste treatment (Baxter Lagoon)

!w||!?i|p- Nearshore DNAPL (Quendall Pond and Baxter
vPS'''̂ -"'•••''''"
'Iff' '"'5'

Alternalve A3 - All DNAPL

- All soil exceeding groundwater protection standards

Alternative A5 - All soil exceeding Method B criteria

CP 001021
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Table 5-1 Screening of Soil Remedial Alternatives

Alternative
Number Treatment DNAPL Recovery Cap

implementaDility effectiveness Comments

AO No soil treatment North Sump
Quendall Pond
Former May Creek

All areas exceeding
Method B criteria

Easy to implement

Viinimal trenching
required

.imited short-term
exposure for workers

-imited contaminant
volume reduction

Potential long-term
exposure concerns

vtinimal capital cost

Significant O&M cost

detained as the
minimum protective
soil alternative

vlay require cased piles
or other development
considerations

Al Hazardous Waste North S ump
Quendall Pond
Former May Creek

Remaining areas
exceeding
Method B criteria

Easy to implement

Viinimal trenching and
excavation required

,imitcd short-term
exposure for workers

jmited contaminant
volume reduction

'otential long-term
exposure concerns

,ow capital cost

Significant O&M cost

Removal of listed
hazardous waste only

May require cased piles
or other development
considerations

A2 Nearshore DNAPL North Sump
Former May Creek

Remaining areas
exceeding
Method B criteria

Requires excavation
dewatering and
treatment

Jkcly requires temporary
sheet pile installation
along shoreline

Some short-term
exposure for workers

Some contaminant
volume reduction

ieduced long-term
exposure concerns

Moderate capital cost

High O&M cost

Removal of soil that
represents a
potential risk to lake
sediments and water
quality

iorne development
considerations

A3 All DNAPL North Sump Remaining areas
exceeding
Method B criteria

Requires extensive
excavation dewatering
and treatment

Likely requires temporary
sheet pile installation
along shoreline

ignificant short-term
exposure for workers

Significant contaminant
volume reduction

Jmited long-term
exposure concerns

-ligh capital cost

Moderate O&M cost

Removal of all soil
wirh DNAPL deposits

All 'spit :exc'e'edi.ng':groun<i-
';'..water proteciip'o-': •!-
'.- 'criteria'" .. •; ; ' ' : . ' : . i]

NdrtkSurrip':.!::.: :'• :':'.. '.'.';• ningaica?::: ;•:;'.::''::..:;!

;: :•: ;e^yat;il3rt:y<;iuriries • i : \f\

A5

::::.;r--;;P;:l::

•;'-.: ':'--j|--::'::vi:i:::i Alternative Screened Out
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As stated previously, all of these alternatives could be protective within the
context of a site-wide remedy. The extent of soil treatment and protectiveness
obviously increases throughout the alternatives. Implementability decreases as
larger portions of the site are treated and extensive dewatering is required for
conventional excavation techniques. Cost increases substantially and schedule
constraints become a concern as the soil treatment areas increase. Given the
complete analysis, Alternatives A4 and A5 were eliminated due to the high costs
and schedule constraints. Alternative AO, although not considered a preferred
alternative, was retained as a base case for the detailed evaluation.

5.3 Sediment Alternatives
Sediment alternatives
Five sediment alternatives

• Alternative BO - Capping
• Alternative Bl - CDF (2.9 acres)
• Alternative B2 - Nearshore Containmplg|^^^
• Alternative B3 - Nearshore Dredging' ^®^^ ,̂,
• Alternative B4 - Nearshore Dredging (Deep ^asefete?

,.-iSSra?3 :̂Sii ^iSWff'f.'i. .'V?

Alternatives Bl, B2, and B3 are?a|llrriod^raM^^asy tojmplement. The capping
alternative is the easiest to imptementsfhiiSl^^pip' nearshore chase is much
more difficult to implement?|fThe neafshore efpisPwould require installation of
temporary steel piles in the}pke, dejwatering, apid conventional excavation of the
nearshore in conjunctioSiwith excavation opihe Quendall Pond upland area.

Alternatives B l,,̂ B |̂̂ d B3 ar^H^rn^derately effective as defined by MTCA
G^ii^H^vHowe'ver^i^e^ffectiveri^s^s'laoes increase slightly from Bl to B2 to B3

"••*Cĵ *Cr!£-<\Ts5.;*'i:."\I;;*, - . . . * > • „ -:.•' -"i"-"-if^',/ O •/

dulfe^p|fe^ncreased'^ef|rtfet.ion of contaminants rather than containment. The
cappm?g|M|emative is e'qu'aji^Jirotective but has a lower effectiveness rating under
MTC^$;ri|eria;iT:he deep ||&.se alternative is slightly more effective as additional
contaminants $ill be removed and destroyed but is extremely difficult to

..(•implement, if W
' .'£.?•' i. ..•-;. _ . _i, •

flf Alternatives Bl ;;-B2, and B3 also all have similar costs; however, the costs increase
|jp| slightly with increased dredging and upland treatment. The capping alternative
|!p||̂ is the leastjGost alternative while the nearshore deep chase is the most expensive.
te|^phe^e£tpping alternative was eliminated based on options expressed by Ecology

*-,; ;\\f.-^<£:i, j-^rt'iA^ii-';-.."'-—~- :, • 1 A J O^

''v''B^^rMS6ther resource agencies during the Port Quendall project meetings. The
nearshore deep chase alternative was eliminated due to high capital costs,
schedule concerns, and the difficulty of implementation.

CP 001023
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Table 5-2 Screening of Sediment Remedial Alternatives

o
"0

O
O

o
10

Alternative
Number

BO

Bl

B2

B3

B4

Sediment
Treatment

Cap - T-Ctock
Wood Waste
Nearshore

Excavate Baxter Cov«

^emove/Recyde
Wood Waste

CDF - 2.9 acres
Dredge and CDF

T-Dock
Ncarshore Toe

Excavate Baxter Cove
Grey Zone Natural

Recovery

Remove/Recycle
Wood Waste

Contain Nearshore
Benzene and NAPL

Dredge and Upland Mgmt
T-Dock
Nearshore Partial

excavate Baxter Cove
Grey Zone Enhanced

Natural Recovery

Remove/Recycle
Wood Waste

Dredge and Upland Mgint
Grey Zone
|T-Dock
Nearshore to max.
5 feet below mud line

Excavate Baxter Cove

Remove/Recyde
Wood Waste

Dredge and Upland Mgml
G<w£one
T-Dock
Nearshofc-^ chase
seep during Quendaii
Pond excavation

Excavate Baxter Cove

Mitigation

Wetland ^Replacement
Gypsy Creek Realign
0,5 acreflJJ mitigation

Wetland Replacement
Gypsy Creek Realign
2.9 acre CDF mitigation

Wetland Replacement
Gypsy Creek Realign
0.5 acre fill mitigation

Wetland Replacement
Gypsy Creek Realign

Wetland Replacement
Gypsy- Creek Realign

Irnplementability

sasy to implement

V(ay b« dropped from
barge or placed
by-mechanical
dredge equipment

Requires construction
of in-water berm
with containment
wall along outer
shore

May perform in situ
biological treatment
in CDF

Easy to implement

Assumes containment
wall along outer
shore of cap

More difficult to
implement

May require temporary
piling in lake

Schedule concerns due
to large volume and
difficult excavation

Difficult to .implement
Requires temporary

piftnglnSake
Excavation dcwstering

required
Schedule concerns due

ta large volume- and
difficult excavation

Effectiveness

Lirw ted shorts-term
exposure for workers

Short-tern turbidity
in surface wtter.

Limited contaminant
volume reductrow

?otenl»at long-term
exposure concerns

Some short-term
exposure for workers

Short-term surface water
quality concerns

-imited contaminant
volume reduction

deduced long-term
exposure concerns

Some short-term
exposure for workers

Short-term surface water
quality concerns

Some contaminant
volume reduction

Reduced long-term
exposure concerns

Some short-term
exposure for workers

Short-term surface water
quality concerns

Some contaminant
volume reduction

Reduced long-term
exposure concerns

Significant .short* term
expos we for -workers

Shaft-tern tttrfactrwater
qna.lt fy -concerns

Large eanfaimnafrf.
yoltuneteducfion.

Limited tengtem ,
exposure concerns-

Cost

Mlnimaf capital cost

High long-term. O&M '
costs

Moderate capital cost

Moderate long-term
O&Jvl costs

Moderate capital cost

Moderate long-term
O&JM costs

High capital cost

Low long-term O&JM
costs

Very high capital cost'

Me- O&M costs'

Comments

Capping alternative
dropped based on
opinions expressed
by-Eeofegyatvf s

resource agencie*
during fort QjjwKja))
project wedings

CDF outer wall would
contain all NAPL
seeps in nearshore

Containment wall in
water would contain
nearshore shallow
DNAPL

Some NAPL remains
outside wall at depth

Upland containment
wall would leave
some NAPL
unconlained

Capttal cosl extremely
'Wgh '-

Schedule not compatible
vA& dwelopKienl
needs ' ,^

M^or ttnplemeKta- Wttfy
«mcems '

;
fe'^K^/Js^- Alternative Sceencd Out
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5.4 Groundwater Alternatives
Groundwater remedial alternatives considered were: natural attenuation,
biosparging, and biosparging with pump-and-treat (hydraulic containment). All
of these alternatives are essentially used for containment, to prevent discharge of
impacted groundwater to Lake Washington surface waters. Both the biosparging
and pump-and-treat system would be installed in conjunction with a physical
containment wall.

jE.

All three alternatives use conventional technologies and, as sujpl' are easily
implemented. All the alternatives represent little contarafmantpreduction, and

ffî Wzi »*?Flong-term effectiveness is much greater in the third alterriat-iwealaecause the pump-
O O .^j\#£*V '̂ . '̂̂ ^Sd^svivf-F-S *• *

and-treat system would act as a backup to thewospargin^^slem. The cost for
J " ffffe&~ " o ^£E|jKfc^»pj._ •-?"

the biosparging is moderate, while the additional cosMf8nfflelpiiinp-and-treat
r £> t> ' JK& _,?&& •-tt̂ S^^Sii?-̂ .

system is much larger due to both capital an||operatm^e^endr6up!Sj|Pt suriimary
of this analysis is provided in Table 5-3. ||pts5.,,,-:f

r' :'%!i§̂  '•••^r
J 1 t\Mif\.i ,\,- •" !-«?• jf- .•/ •:* "* ••* yf* r-~-

" "
~

Natural attenuation may be an effective mea€s0©it®0:ntainment of groundwater} ..*.:?;!•• X-̂ &spiisss-ib,̂  °
contaminants in specific areas of the site. -'IPhe trMt£lMite%vtesting demonstrated

" ' ^&J'̂ :̂ i*--f?i).. °

that with adequate oxygen, high rates^o^bwlogicarae^^lK^on of groundwater
contaminants including benzene^^t^^jUll^^achievey^iyrhe modeling work
conducted by RETEG indicatedslhat ilpioffifiit&ontamiitant degradation of theJ ..-:;£."•• .*^vS -̂';^:'J%%--.«!vS&'
contaminants can be achieved^and if theiaistan|'||§|Ĵ e^n the source area and the
point of exposure are adequate, natural*attenu|fa0]Pcan be extremely effective at
preventing exceedences pfceffeanup^andards/M the point of exposure.

for use during the Port
assumptions regarding the

of^atuf:al^attenuati:on; Conservative assumptions were used to
)vj|(^pGJ|t;.vQueridsdl^iwtJh-a high degree of certainty for any remedies proposed

usefefe3B'a"sed on £he' as'sii'motions used and the out.nut from Proundwaterfor use1>i;|̂ s|:d on £he- assumptions used and the output from groundwater
modejm'g^lttural attenuation was assumed to be ineffective for treatment of
contaminati^n<fiii9;rii'shoreline source areas, except where those source areas were

.-Removed (i.e.^plfr rough aggressive excavations of DNAPL-impacted soils).
.^Because the renjoval'of all shoreline and nearshore DNAPL was determined to be

&JJ impracticable Curing the remedy screening process, natural attenuation
IH. (Alternative rf!0) was not included in the detailed evaluation of remedies.

Wall Alternatives
r";5Phe containment wall alternatives are discussed separately, although the choice

of containment wall alternative is highly dependent on the choice of sediment

CP 001025
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Table 5-3 Screening of Groundwater Remedial Alternatives

Alternative
Number

Groundwater Implementability Effectiveness Cost Comments

CO

î ^̂ l̂C^Sf̂ Hs

•• ;'• •?,$^&fa$%$ti$$ffi§:£. s;:;
ii L:V--':^::?;'::n:^:M:::::l:f-::;-::'::::'':::-i

ci Biosparge Easy to implement Minimal short-term
exposure for workers

Some contaminant
volume reduction

Reduced potential
long-term exposure
concerns

Moderate capital cost

Moderate O&M cost

Biosparge system along
shoreline to treat
groundwater prior
to discharge to lake

C2

O
TJ

O
O_i
O
ro

Biosparge and
pump-and-treat

Easy to implement
Lots of maintenance

likely due to high
iron and carbonate
concentrations

Minimal short-term
exposure for workers

Some contaminant
volume reduction

Reduced potential
long-term exposure
concerns

High capital cost

High O&M cost

Pump-and-treat system
used as back-up
in event of water
quality exceedances

Alternative Screened Out
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remedial alternative, with the exception of choosing to forego a containment wall.
The containment wall alternatives vary only based on alignment. Due to the
nature of the lakeshore environment, the depth of the containment wall will only
be to 30 ft, or completely penetrating the upper silty peat layer. The inability of
deeper walls to substantially impact groundwater fate and transport is discussed
in the Port Quendall Groundwater Model and Hydrogeologic Analysis of Alternatives
(RETEC, 1997u).

All containment wall alternatives are easily implemented and the effectiveness and
costs are similar as the only variable is length. The alternative for nofobntainment
wall was eliminated from consideration due to concerns alfjli^ej^ianced DNAPL
mobilization during the proposed Port Quendall^velopm§;|̂ ^QJect (due to soil
loadings) and the high cost of conducting ag^jpfssive soil jix^ |̂î ns that would
be required to integrate these concerns byJ$brt QuentMu wifi^jilifche use^of a.n o -fe[j( /tssr '̂ ^siiHWS^ast. .,.*•/£•••
containment wall. A summary of the contaiMment
Table 5-4.

^HWifee,

5.6 Summary of Remaining Media^3|)6(sific Alternatives
Table 5-5 presents a summary of media^sjjeGific remeMli|^lifepiatives that remain
for compilation into site-wide rem^^B|iematives!^ip^cletailed evaluation.

I r^ ooo ol +• ̂ t"r-» o 4-ii rAO i tr\ /~>\i t f\ ^ rt~\-\ ¥*• fi/r\'iil^^-1^ •v^^^Toioi'irl.^.w^*^*^ +• ''"^A/rt^O'^OI m fl \Af5l t^T" 3 T1 fi *" "*"^^

.M»' o '

«V^;
•'̂ v-̂ -i''

Sil? ,̂. .^ffi
O^I^-'̂ '̂fi^tos '̂K*^"'

CP 001027
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Table 5-4 Screening of Containment Wall Remedial Alternatives

Alternative
Number

DO

Dl

D2

D3

Containment
Wall

None

Upland Wall

Nearshore Wall
(0.5 acre cap)

Nearshore Wall
(2.9 acre CDF)

Implementability

Easy to implement ..

Easy to implement

May use slurry wall or
sheet piling
techniques

Easy to implement

Slurry techniques may
may not be viable
in unconsolidated
fil l

Easy to implement

Slurry techniques may
may not be viable
in unconsolidated
fil l

Effectiveness

Mo short* term exposure
, for workers
No cortiarniiftant

volume reduction
Long-term NAPL

migration concerns

Limited short-term
exposure for workers

No contaminant
volume reduction

Moderate long-term
NAPL migration
concerns

Limited short-term
exposure for workers

No contaminant
volume reduction

Low long-term
NAPL migration
concerns

Limited short-term
exposure for workers

No contaminant
volume reduction

Minimal long-term
NAPL migration
concerns

Cost

No cost

Moderate capital cost

Moderate capital cost,
may be high if
slurry techniques
are not viable

Moderate capital cost,
may be high if
slurry techniques
are not viable

Comments

Cortt^nmertt.VteU '
assumed to be

, necessary for Pott"
,Q«BH<^1 hlglvdenstt
development unleW
jNAPL i$ r.«rnov£<L.,

Nearshore NAPL
would remain outside
wall

Shallow nearshore
NAPL would be
contained

All nearshore NAPL
at Quendall Pond
would be contained

O
TJ

O
O

O
N>
00 Alternative Screened Out
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Table 5-5 Screening Summary for Media-Specific Remedial Alternatives

Alternative
Number

0

1

2

3

4

3

D

^

0
D

5

A - Soil
Treatment

Mo soil treatment

Hazardous Waste

Nearshore DNAPL

All DNAPL

All soil exceediMg surface
w&t& protection
criteria

AllsoU exceeding
Metk»d& Criteria

DNAPL Recovery

Siorth Sump
Quendall Pond
Former May Creek

North Sump
QuendaU Pond
Former May Creek

North Sump
Former May Creek

North Sump

North Sump

Horth Swup

Cap

All areas exceeding
Method B criteria

Remaining areas exceeding
Method B criteria

Remaining areas exceeding
Method B criteria

Remaining areas exceeding
Method B criteria

ftmairting areas- exceeding
Method B ciittria-

Monft

B - Sediment
Treatment

2ap-T-D»cb
Wo<?dW;*st;e
NeaSrshO1^

Excavate Baxter Cove

Remove/Recycle Wood Waste
CDF - 2.9 acres
Dredge and CDF

T-Dock
Nearshore Toe

Excavate Baxter Cove
Grey Zone Natural Recovery

Remove/Recycle Wood Waste
Cap Nearshore Benzene
Dredge and Upland Mgmt

T-Dock
Nearshore Partial

Excavate Baxter Cove
Grey Zone Enhanced

Natural Recovery

Remove/Recycle Wood Waste
Dredge and Upland Mgmt

Grey Zone
T-Dock
Nearshore to max.
5 feet below mud line

Excavate Baxter Cove

RemovoRecyde Wood Waste
Dnidge and: Upland Mgmt

Grey Zone
T-Dock
NsatshoTt - chasfc
S^fijl rJulingQiieAfJall
PottdexcavailorA

Excavate Baxter. Cove '

Mitigation

Wetland Replaccraenl
Gypsy CtteKRfeilip.
& 3 acre fiU mitfgatiori

Wetland Replacement
Gypsy Creek Realign
2.9 acre CDF mitigation

Wetland Replacement
Gypsy Creek Realign
0.5 acre fill mitigation

Wetland Replacement
Gypsy Creek Realign

Wetland Replacement
Gypsy Crdk&ealign

-'

C - Groundwater

Natural Attenuation

Jiosparge

Biosparge and
pump-and-treat

'

r f ^

': '

' '',

>

D -Containment
Wall

None

Upland Wall

Nearshore Wall
(0.5 acre cap)

Nearshore Wall
(2. 9 acre CDF)

•••. .. '

',

t it ;\ i ?;;.;:W. W '!' Alternative Screened Out or Cell Not Used
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6Detailed Compilation and Analysis of
Alternatives

6.1 Compilation of Alternatives
This section includes the detailed evaluation of remedial alternatives carried
forward from Section 5. Following screening of media-specific remedial
alternatives in that Section, four soil and eroundwater alternatjjps and three

<&• -i^r^
sediment and containment wall alternatives have beenWsjle<2|&d for detailed
evaluation in this study. The alternatives carried^forwardfareifejied in Table 6-1.

j&^'-v&t, ^^p£^^%tP™?v
These media-specific alternatives where theriflio'mbined|iiii1i®isi%e-wide remedy

'"wiif *'~ xj£iv?#s^v -"S^Er̂  ̂  - JK%T'

5 that comnrehensivelv address^ soil. PTOtiMlwMeftBnd sedimentcombinations that comprehensively address*" soil, CTomffdwItei|??a'nd sedim'ent
JT J &•$& O •f'-'fe'1' '̂̂ ^•S&'J.Sf'̂ Mi'.'Jf*^ ttf^Sf*

issues. A total of twelve remedy combinations is evaluated in ^^^3^-^Koco
J iSHgfca:. &&'

include the following:

No Soil Treatment and|eiOTi||iS)ient of sediments in a 2.9
acre confined

Alternative #1:
AGO + BD1

Alternative #2: No Soil Treatmenf|^]|i>Nearsh6M|pbntainment in a 0.5
AGO + BD2 acre confindl^n^pg^p^giMiv ^

$®^ Jf:-%:i^pSft»fe5fSs'

Alternative #3: No Soif Treatrirent arimflPpiand Treatment/disposal of
AGO + BD3 sedinttnts ^

/5T?rK:Vt;J;r"

Alternative #4:

Waste Treatment and Nearshore Containment

v
Altjpn'ciiivew6: y^ -Hazardous Waste Treatment and Upland

+ BD3 ^ ^ Treatment/Disposal of Sediments

Alternative #7:-r

AC2 + BD1 /
-\\.

fAlternative #8

Nearshore DNAPL Treatment and CDF

Nearshore DNAPL Treatment and Nearshore Containment

CP 001031
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Table 6-1 Summary of Media-Specific Remedial Alternatives

Alternative
Number

AGO

AC1

AC2

ACS

:oTJ

AC - Soil and Groundwater
Treatment

Mo soil treatment

Hazardous Waste

Nearshore DNAPL

All DNAPL

DNAPL Recovery

North Sujnp
QuendalJ Pond
Former May Creek

North Sump
Quendall Pond
Former May Creek

North Sump
Fonner May Creek

North Sump

Cap

All areas exceeding
Method B criteria

Remaining areas exceeding
Method B criteria

Remaining areas exceeding
Method B criteria

Remaining areas exceeding
Method B criteria

Groundwater

Siosparge with
pump-and -treat
as contingency

Biosparge with
pump-arid-treat
as contingency

Biosparge with
pump-and-treat
as contingency

Biosparge - no
contingency required

Alternative
Number

BDO

BD1

BD2

BD3

BD - Sediment and Containment Wall
Treatment

;

Remove/Recycle
Wood Waste

CDF • 2.9 acres
Dredge and CDF

T-Dock
Nearshore Toe

jxcavate Baxter Cove
Grey Zone Natural Recovery

Remove/Recycle
Wood Waste

Cap Nearshore Quendall
Dredge and Upland'Mgmt

T-Dock
Nearshore Partial

Excavate Baxter Cove
Grey Zone Enhanced

Natural Recovery

Remove/Recycle
Wood Waste

Dredge and Upland Mgmt
'Grey Zone
T-Dock
Nearshore to max.
5 feet below mud line

Excavate Baxter Cove

Mitiaation

-, -;?"
Wetland Replacement ;
Gypsy Creek Realign :

2.9 acre CDF mitigation

,

Wetland Replacement '
Gypsy Creek Realign
0.5 acre fill mitigation

Wetland Replacement
Gypsy Creek Realign ,

I

Containment Wall

'

Nearshore Wall
(2.9 acre CDF)

Nearshore Wall
(0.5 acre cap)

Upland WalJ

o
o
—Io
CO
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Alternative #9: Nearshore DNAPL Treatment and Upland
AC2 + BD3 Treatment/Disposal of Sediments

-Alternative #10: All DNAPL Treatment and CDF -
ACS + BD1

Alternative #11: All DNAPL Treatment and Nearshore Containment
ACS + BD2

Jfe
Alternative #12: All DNAPL Treatment and Upland Treatment/Disposal of
ACS + BD3 Sediments " '

-All of the remedies discussed in this section-^m
sf'sS'

protectiveness. This threshold has been defined
and ARARs at the point of compliance andSrotectioff of huma^igSilteid' the, r , , , , ws;. .. „$' , ••^g^mm '̂
environment under the development s pro^osjdgland use assumptions. The
remedies and remedy combinations differ fror^^^pMher in how this protection
is achieved. Some remedies and remedy comMrialafofrstuse primarily containment

J ,:•;.'' '"^fc&r-'ifljg^M;. r J

strategies to address soil and sediment contaminatii0MiwKwr.eas other remedies use
O ~t-; J.I; •>-•£••$'.'&'*?.. ''' r

primarily removal and treatment strategils®The exterii|̂ |ifeoval and treatment
used within each remedy impacts^i^^liliepsts, anlifipated and contingent
long-term costs, short-term eflectiv^ni^^^fs^ong^t^m effectiveness, and
implementability. These issues are dis,fusse1i|wjS |̂fhis section.

In addition, the extent ^o^Mnoval^nd treatment also impacts the development
planning and liability considerations of PojrfQuendall. For the purposes of this
feasibility analysisj,it||as been. as|gmed|fchat if areas of free DNAPL remain in
soU^fcr compj||;|̂ |the deanfip|ltil'will require concessions in development
pfar|M^^ These |̂|̂ §;ipns would include either selective building placement
(kee|5in|puildings w^fepil|j!fpundations out of DNAPL areas) or would require

Note that imtheldisGussion of sediment remedies, RETEC has assumed that a
.-/•removal actionvwp^|[^D'e taken with respect to wood waste (areas defined as >50

ff percent wood v^^ste); under all three of the alternatives carried forward and that
capping of sediments in the DNR lease lands would not be performed. These

Jf|l, assumption^ were based on the status of discussions with the Department of
ySf?%Ecology,jari&bther resource agencies at the time that this document was prepared.
•^31jOtheip|a;ssumptions regarding these issues could be equally valid but were not
^Kfimcliided in the detailed remedy evaluation based on agency opinions expressed

during the Port Quendall project meetings. The dredging of the grey zone has

CP 001033
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been included in the alternatives analysis pending the outcome of further testing
of this material.

6.2 Evaluation Criteria
Analysis of the four soil and groundwater alternatives and the three sediment and
containment wall alternatives selected for detailed screening will be based on the
following criteria, as specified in WAG 173-340-360(5)(d).

6.2.1 Protection of Human Health and the Enyironrfent
JN- ^r

As described above, all remedies included in the detailed G&aflfaaffidn step meet the
r̂  •̂ •r̂ -J ĵl̂ KI)'̂ ^ •*•

minimum level of protectiveness defined by cgmf liancel^M||̂ anup levels and
ARARs and by protection of human health artd^the enviroiSmlnflunder propose'^

J 1 .tt ic-TT /3.'f£*f "«~i&:;;:fSc7:.t:r:?X<-4:V»~. ^ *• ^l"^"

land use assumptions. jjjl' /.yp^ l̂||p^§fe :.^jf

.

6.2.2 Long-term Effectiveness and Perrhanence Si"
'"pvS*,;̂ ;.

The long-term effectiveness and penrianence^1ieHj|i|i5|primarily concerned with
residual risk remaining at the site after completiol^^^^medial action. This
analysis includes consideration of the^deeree of thMaillpesW by the hazardousJ .̂ S'gjW''̂  "^^vSSftS^" }

substances remaining at the site (af|ei^^^^l |̂ion of thB^medial action) and the
adequacy of any controls ujejl^to ^In^tta^^thesjef7hazardous substances.
Alternatives that afford t h e n i h e s t e r ^ l l l i - t e r r n effectiveness and
permanence are those that mmimize^aste reMaiTung at the site such that long-
term maintenance is unlfe'cessaryS'and reliance on institutional controls is

jZ£&. ?fs?* (:r(-S • .^X-

minimized. ,4lfrr' .411 Jff:

•?'*?••
v*ssgip
££§?£?pe st

'treatment technologies or resource recovery
vT.iii^i. '**<"*f-1?.',- 'fy't-v^fc-y-frf. ^ -^

tecH|f§li^fstto liie^maMmum extent practicable. As part of the measure of long-
'Srfj^v. HI •Sî if'̂ '̂ yi.. \'V-'SJ''V-

;
-".'

t>
-'JJ'ir'i'.^V> ^

term ef|ep|iS;bness, theli^vjp^ent upper confidence limit (UCL) was calculated
for TJ|A|^ffi^|l^mairi%gfa'rter the site-wide remedy has been implemented.

Thisferiterion is.^sejdlbn the pre'lefSllW'stated in WAG 173-340-360 to utilize
1A=;r.i£.v .̂*.5% ^-*Jjj:—:;̂ i.-.ia>:r:-:-4.?;gLi', J. VjyV ;''^r_rX.. i,-;---""

BfmSflent solul&i^^saifil.kalternati^'e'treatment technologies or resource recovery

effisG|i\(en'e§s will be evaluated qualitatively relative to the other
.||Falternatives. TMse^ahernatives that do not protect from future releases will rate

Iff poorly for longlterm effectiveness.

ijjĵ  Shpi|iferrn Effectiveness
effectiveness criterion addresses the effects to human health and

of the alternative during the construction and implementation
phase until remedial response objectives are met. Factors used in assessing short-
term effectiveness are:

CP 001034
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• Short-term risks posed to the community during implementation of the
alternative

• Risks to site workers during implementation

• Environmental impacts that may be caused by implementation

• The length of time that the short-term risks may be required

Where risks associated with an alternative are identified, aixevaluat^n is included
on how risks may be mitigated and what risks, if a;n^.jcjffimot be readily
controlled. 4;%.. -̂ ^SlM^

..C:«Kif-£.:-~ '̂ttp^Sf̂ -H î
/•$i£f ^̂ S:£pg;; £•£

Short-term effectiveness will be evaluatedipjualitatiyjely rel |̂e;p|0v,the o^Rter
alternatives. Those alternatives that permi||exposure^will rateltp^oMp|f|pKort-
term effectiveness. ^H?life-f''' '""^P^*"

> f̂l£;¥ASl̂

6.2.4 Reduction of Toxicity, MoĴ ii1§ii||̂ (olurne Through
Treatment .̂ ,̂.

remedial actions that employ/"treatment tielirfofogies that permanently and
significantly reduce the tojdei'ty, mobility, or vglurne of the hazardous substances
as a principal element. T||!5criterd0n is usedf&> assess:

i®!®^ £&
:~f.^? *r -vV.>-

of the treatment residues
>!wfficffitreatment reduces principal site concerns

•'*SV.;-*--.*.'*!.s*3* r r

upon the quantity of TPAH that was treated
durifig soil an^jcfimtent remedial alternatives. Volume reduction from DNAPL

.^recovery and gro'|m€|yater remediation are assumed to be negligible, although the
A' presence of thele systems will certainly improve long-term effectiveness.

6.2.5 Implementabihty£---:.y& *$?
y^S^The^implementability criterion includes an evaluation of the technical and
,. '~^&.-;Xr33'-:'K*i-\f.- J

"•".^Administrative feasibility of implementing the alternative and the availability of
"'""various services and materials required for implementation. Technical feasibility

includes the ease with which alternatives may be constructed, operated, and
monitored. Administrative feasibility is based upon such things as coordinating

Detailed Compilation and Analysis of Alternatives 6-5
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with other agencies, obtaining permits or meeting requirements for on-site and
off-site activities, and identifying the availability of the prospective technologies.

Implementability will be evaluated qualitatively relative to other remedial
alternatives. The use of innovative technologies or requirements for temporary
shoring, dewatering, or in-water construction will have reduced levels of
implementability. The use of conventional technologies in a conventional manner
will increase the implementability.

.£?.!,

6.2.6 Cost and Cost Effectiveness &
Cost estimates were prepared for implementation of eSf§il$ilt!ernative. These

'&Z&-^ ^^X'&i-t&^v-^,

estimates include capital costs plus the pres^i^vortri'WisMit'UEe^ operating and
*• -S\:&B> fe'̂ jfcSKfjffî  * " jfi"?

maintenance costs amortized over the expectM?life of theWfcfitite^he individual, ,. c , r jS . MS* ̂ mmw**, . •/&?cost estimates and a list of the assumej||unit cojts and 'owpipEigmeenng
assumptions are provided in Appendix A. ̂ ^umntstry of the cois^e^^^tes for
soil and groundwater (AC) alternatives is prQ^L^efen Table 6-2 andsfor sediment
and containment wall (BD) alternatives is pj|̂ M®|m,Table 6-3.

,
Cost estimates developed for the FS were.based onliileiplltation of existing dar v-.;.",iH-rf¥s ^feifeffisssfer o
to provide the most probable estimate^Se|:i|||n 7 provilipVProbable Least" a
"Probable U e r " costs. The ' T i a B i i f t i c o s t s i^ consistent with cos

ta
and

"Probable Upper" costs. The 'T^^aBi/^i^costs |i^ consistent with costs
provided throughout the FS. .<;The "Pr^awMi^^p^ costs were developed by
* ° z1'.':' g*.f '̂ *jf '̂̂ K|#-lgiv3'' * J

including factors for certain.aspects ophe cle^^lPFor example, all excavation
and dredge volumes were|develop|i5 for theJpProbable Upper" costs using an
uncertainty factor of 1 .J|phher uiteertaintyjJactors are provided in the detailed
cost estimates in Appendix A ^ ,,?j§?r

/* ~ ;•
S*fr f • •v.iSf'fen;—-'

G6st^jestimates-,were developed forSindependent remedial activities within the
alternatives,, to allow easyfevaluation of minor modifications to the alternatives
analyzed TJtiese costs are^based on a variety of information available at the time
of the estimate, including generic unit costs, vendor information, conventional
cost^estimating guides, and prior experience. The actual cost of the alternative
will depend on true labor and material costs, site conditions, competitive market

"^conditions, final project scope the implementation schedule, and other variable
factors. This -Criterion will provide information for the comparison of cost
effectiveness among alternatives.

were estimated for each alternative that involves the design ando
of facilities or the one-time costs of short-term remediation efforts.

"^Examples of items included in the capital costs include:

CP 001036
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Table 6-2 Soil and Groundwater (AC) Remedial Alternatives Cost Estimates

O

O
O

O
CO
•xl

Soil Treatment
Mobilization/Site Prep
Hazardous Waste
Quendall Pond
Former May Creek
Baxter Nearshore
North Sump
Still House
Baxter Farshore
Baxter Farshore

DNAPL Recovery
Mobilization/Site Preparation
North Sump
Quendall Pond
Former May Creek

Cap
Mobilization/Site Preparation
Quendall Pond
Former May Creek
Baxter Nearshore
North Sump
Still House
Baxter Farshore
Other Method B Exceedances

Groundwater
Biosparging
Groundwater Extraction
Institutional Controls/Monitoring

TOTAL COST

AGO -No Soil
Treatment

$0

$1,868,320
63,500

878,452
463,184
463,184

$2,931,601
63,500

120,203
134,097
123,017
113,876
371,074
100,459

1,905,375

$5,305,130
999,167

3,331,404
974,559

$10,100,000

AC1 - Hazardous
Waste

$702,945

702,945

$1,868,320
63,500

878,452
463,184
463,184

$2,931,601
63,500

120,203
134,097
123,017
113,876
371,074
100,459

1,905,375

$5,305,130
999,167

3,331,404
974,559

$10,800,000

AC2 - Nearshore
DNAPL

$3,072,071
506,674
702,945

1,862,452

$1,405,136
63,500

878,452

463,184

$2,811,398
63,500

134,097
123,017
113,876
371,074
100,459

1,905,375

$5,305,130
999,167

1 3,331,404
974,559

$12,600,000

AC3- All DNAPL

$9,894,458
506,674
702,945

1,862,452
1,306,380
1,513,787

908,208
2,302,929

483,108
307,975

$941,952
63,500

878,452

$1,968,875
63,500

1,905,375

$1,973,726
999,167

974,559

$14,800,000
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Table 6-3 Sediment and Containment Wall (BD) Remedial Alternatives Cost Estimates

O
•o
o
O

o
O3
CO

Sediment Remediation
Mobilization/Site Preparation
Remove/Recycle Wood Waste
Grey Zone Dredging
Grey Zone Natural Recovery
Grey Zone Enhanced Recovery
CDF, Dredge T-Dock & Nrshr
Containment, Dredge Nearshore
T-Dock Dredging
Nearshore Dredging (6' max)
Baxter Cove

Mitigation
Wetland Replacement
Gypsy Creek Realignment
For CDF (2.9 acres)
For Containment (0.5 acres)

Containment Wall
Upland Wall
Nearshore Wall
CDF Outer Wall

TOTAL COST

BD1 -CDF (2.9 acres)

$5,630,206
486,600

2,201,595

254,983

2,544,972

142,056

$1,524,000
508,000
508,000
508,000

$1,327,500

1,327,500

$8,500,000

BD2 - Containment
(0.5 acres)

$7,551,655
486,600

2,201,595

462,530

2,441,045
1,817,829

142,056

$1,524,000
508,000
508,000

508,000

$1,256,250

1,256,250

$10,300,000

BD3 - Nearshore
Removal

$11,005,972
486,600

2,201,595
3,603,727

1,817,829
2,754,165

142,056

$1,016,000
508,000
508,000

$1,173,333
1,173,333

$13,200,000
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Groundwater treatment facilities

Dredging of impacted sediment

Installation of a cap

Treatment of soil

Engineering and construction management associated with the above
tasks * ,;.̂ '

costs are those costs associated with:

Long-term operation of a biosparging|;s||̂ in, including labor and
utilities

A

Operations and maintenance costs are all costsfeaissociate'd.lwlKs.the operation of
1. .".ji-i-'.iitb.-JL: '** t*r*^?!&ff''if*1^I>-*<!v

a remediation system that must operate continuously or7ipHM$lly for a period} " f*pF J yssst̂ SgegiiSisjfeaK*, ^ <vj.
/• | . . . . . . T-I r'SSii' /• -*-*/. NfefSSffigVigSiBSj,. . ,-BjSK

of years to accomplish its objectives. Examples of op.e-r-ationscaTid«mamtenan'ce
''K Bus-" •'feSM.^t^pjj,, „,<££-'" ''

• Inspection and repairs to an agp^tj^av
~f&z?^~£**?l'.'-^.'$i&

,;̂ Is??Ssss9 ,̂
• Periodic groundwater sampling aip|r^(|r||ng ĵj?

• •y-1' v<^i : teF

For purposes of economic analysis injfie stud)pilrwas assumed that operation of
a contingent groundwater|extractiqn%nd treatment system and natural recovery
monitoring for sedime|\l wouljftpccur for' 10 years. All other long-term
maintenance and monitoring cos |̂wer.e?assumed to have a duration of 30 years.

^ î̂ jiv & ;;xfx*̂ s;pvi«r }

• -
nestos^of'-multiple alternatives, it is necessary to utilize calculation

t recognizetpT^t a future operating and maintenance cost is not as
_r. ^.^s,.^Eu_rrent capital cost, even though the amount of expenditure may
be the'(sam||5^Me recognized method for comparing these two types of costs is by
usirve'the present worth cost of future expenditures. Present worth is defined as
••:' ={*" <-* A, ''t'i.'-^'r' . -?-?* •*•

.?::the amount d^mp'riey that could be invested now and that would provide
J|rv sufficient funds| including returns from investment, to pay for a defined future

Iff series of annuajfexpenditures. These calculations were performed using the @PV
|H built-in function for the spreadsheet software package. The following formula is

for .thlrcalculation:

p =
1(1 -1)"

CP 001039
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where P = Present worth of a uniform series of annual expenditures
R = Annual expenditure
I = Return on investment
N = Number of annual expenditures in the series

Cost effectiveness is a measure of practicability. A cleanup alternative is not
considered "practicable" if the incremental cost of the alternative is "substantial
and disproportionate to the incremental degree of protection this alternative
would provide" (WAG 173-340-360(5)(d)(vi)). ^

6.2.7 Community Acceptance
Community acceptance refers to the type ollSiput MiSpTaffile, typically may

J IT J JL j-*^^- *• 'y.g.i.~.T?^Tty^ -̂'̂ C .̂ ^ A ^ £;"!•'

present during the RI/FS process. The opinioj^of the com1ffil .̂|̂ wLl,be formally
solicited during the public comment peri||t. Assessment o"^^e |̂imn:iunlty
acceptance criterion for the alternative will fS.GQmple'ted followingl'n |̂t||i§ifm the
community on the proposed

6.3 Evaluation of Soil and Ground water Remedial

Alternatives
The following sections describe|me soil|mdTgroundwater remedial alternatives
and provide a discussion ofjiow the,-'alternatives;, compared to the evaluation

r If-' »':<•" *<"">•* "" r

criteria. Table 6-4 provides,a/summaj|r of these evaluations for each alternative.,
6.3.1 Alternative AfXr- No îl Treatment

Alternative AGO ||̂ ly^es no so[||®||r|Vent and DNAPL recovery at the Former
MJ|||f||eek Ch^me|Mpuendall^PiOrVdf and the North Sump. Capping will be
p'erlira^loyer m^StipalSe^^uendall and Baxter properties. The cap will consist
1 ~%-:"-ii:y*J'V-:VcV!^Tyii "1 •'•'/•'•'•'' 'J^'-":'A ^\-- IT IT JT

of 3 r^feplfipn Noiffi^$aMer>,and either development features or an otherwise
'^frSsjHVjjiiS-r... '^it'^iot.Jifci'f' ? r

impermeaMeSESpYasphM^orlHDPE liner) over all other areas.
,:±f :ilSSSK;̂ lW-k ^&"

^G-foundwater ̂ |nt^inment will be accomplished using a combination of in-situ
.^biosparging and|pupp-and-treat technologies. Biosparging wells will be used to

fjjj aerate the uppeK20'ft of the sand and gravel aquifer. Groundwater extraction will
,̂ |i also occur injpis area if biosparging does not provide adequate containment. It
§S|B|Js assumedj|pat the groundwater treatment system will consist of an equalization
^fi^tank,f;-iqy^|water separation, sand filter, and granular activated carbon. A
;;?^fepeguptiring/complexing agent will be used to control inorganic precipitation and

""'-a Bibcide may be introduced to prevent biofouling. Water discharge is estimated
to be at a rate of 100 gpm and will be discharged to Metro.

CP 001040
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Table 6-4 Detailed Evaluation of Soil and Groundwater Remedial Alternatives

Alternative

AGO
No Soil Treatment

AC1
Hazardous Waste

Treatment

AC2
Nearshore DNAPL

Treatment

3
All DNAPL
Treatment

i
i
I

i

Long-Term
Effectivness

Potential long-term
exposure concerns

LOW

Potential long-term
exposure concerns

LOW

Reduced long-term
exposure concerns
near receptor

MODERATE

Limited long-term
exposure concerns

HIGH

Short-Term
Effectivness

Limited short-term
exposure for workers

HIGH

Limited short-term
exposure for workers

HIGH

Some short-term
exposure for workers

MODERATE

Significant short-term
exposure for workers

LOW

Reduction in
Mobility,Toxicity

and Volume

Minimal contaminant
volume reduction
(0 tons PAH)

TPAH 95% UCL
9,862 mg/kg

LOW

Minimal contaminant
volume reduction
(9 tons PAH)

TPAH 95% UCL
5, 169 mg/kg

LOW

Limited contaminant
volume reduction
(174 tons PAH)

TPAH 95% UCL
3,601 mg/kg

MODERATE

Significant contaminant
volume reduction
(543 tons PAH)

TPAH 95% UCL
886 mk/kg

HIGH

Ability to
Implement

Easy to implement

HIGH

Easy to implement

HIGH

Requires temporary
piling and dewatering
for excavation

MODERATE

Requires temporary
piling and dewatering
for excavation

LOW

Cost

$10.4 M

$11.1 M

$12.8 M
Excavation &. Thermal

$12.6 M
In-Situ Stabilization

$14.3M
Excavation &. Thermal

$15. 6 M
In-Situ Stabilization

o
"0

o
o

Notes: All remedies meet the minimum threshold of effectiveness provided that they are applied in conjunction with suitable
groundwater and containment wall remedies.
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This alternative receives a low rating for long-term effectiveness because the only
reduction in contaminants will occur via groundwater treatment. Short-term
effectiveness is high because only limited exposures will occur and the alternative
is highly implementable.

6.3.2 Alternative AC1 - Hazardous Waste Treatment
Alternative AC1 includes excavation and off-site incineration of K001 soil from
Baxter Lagoon. DNAPL recovery trenches will be installed at the Former May
Creek Channel, Quendall Pond, and the North Sump. Capping vvdlUp performed
as described for Alternative ACO, over most of the .^uendaK'l and Baxter

fS-Js&ih. ef&j?
properties. .& ;^i^imf'

j/î k Îsisî
A combination of biosparging and pump-anWtreat techJfofGfgipl^.U be usedja's
described for Alternative ACO. il jf£* '

The alternative is ranked identical to AC01§^e|p t̂hat this alternative requires
$0.7 million extra for excavation and off-s||%^MMeration of Baxter Lagoon.
Approximately 9 tons of PAH constituentsfvill be |̂em^n|:ntly removed from the
site and the TPAH 95 percent UCL wULdrpp from^^ft|^5,169 mg/kg, a 48
percent reduction. -l^l^ftb

£
6.3.3 Alternative AC2 - * -.*****«**

This alternative indudesj^atmentfof QuenllllPPond, in addition to Baxter
Lagoon. Quendall Ponjlliepresents the g£ifatest risk to the lake due to its
proximity and the presence of Ifigher rno^ility compounds. Capping will be
performed for most^o|the Bax|ep^nd^jiiendall site, with the exception of the
QutMdall Pond^aria^wMere Mefe>dS^Eriteria should be satisfied.
^-- .v:\i--.M">- > -••«tXii.::T»S!i'c*-:» •"•-.•.•.•.f.\.- -•-''

and-treat technologies will be used, as

This"'alternativBH;fets|slightly improved long-term effectiveness relative to the
.^previous altern;afiives$-''The short-term effectiveness and implementabilitv have

•C &-' !~*-^ "1-i'r?'*.t;-:--"
ijj decreased slightly diie to the need for temporary sheet piling and dewatering for
|£ excavation. TJjte reduction in contaminant volume remains low (147 tons),

although the treatment of Quendall Pond removes the material that represents
greatest risk due to proximity, mobility, and toxicity. The TPAH 95 percent

decrease to 3,601 mg/kg, a 63 percent reduction from initial conditions,
cost for treatment of Quendall Pond is approximately $1.9

million.
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6.3.4 Alternative ACS - All DNAPL Treatment
Additional soil treatment areas in this alternative include: Former May Creek
channel, Still House, North Sump, Baxter Nearshore, and Baxter Farshore. A
DNAPL recovery trench is included at the North Sump and capping will be
performed for all areas where soil is not treated.

Due to the more extensive soil treatment, only in-situ biosparging will be
implemented for groundwater treatment. This system will be installed along the
downgradient side of the site for containment, as described for Alteopiative AGO.

A. y4r"
/.;;--„ f-&1F

This alternative ranks highest for long-term ̂ effectiven'esslNlnd reduction in
o o .,,<§?i. 4S£2VS.?i0:Jgi.

mobility, toxicity, and volume. This is due,ejprely to^bMi^t^re extensive soil
treatment that removes a total of 543 tons|of PAH c©ftsiî |̂sĵ  Short-tejm
effectiveness and implementability are the lowest for.<lrffe altern'aliiveMdue^to^the

IT J &?&!.;•**, r-^ "̂ ^S^^^V.̂ J.-C^ '̂f:1?"

extensive dewatering and treatment requirel>,,for<sgkcavation. ""®l£^OlMH 95
O n ^ .̂x^f.. . • - -Sy^vflfeE*1'

percent UCL decreases to 886 mg/kg, a\®|̂ |ercent reduction 'from initial
conditions. --- - —-

•
6.3.5 Contaminant Removal Summary

' ' ' '
The extent of contaminant remoyStea'inifevse^-.usinc; tnei'soil and groundwater

•<??%ff " '•'fS^SSî SSg}, ° &&'' &

alternatives may be compared tiSing thd|S^p|ient..||>€L for COCs and TPAH
following implementation andpy comp^rin^ft||t^l^mass of PAH constituents
removed or the mass of PAI |̂eonstitu|;hts remjyed per 1 ,000 tons of soil treated.
Table 6-5 summarizes thi|f|(ata, andlthe 95 percent TPAH UCL are compared on
Figure 6-1.

6.4 Evaluation of Sediment and Containment Wall

The fpjl^^p|e.ictions';: |̂Gribe the sediment and containment wall remedial
altern'atives7alM^r;oyJde a discussion of how the alternatives compared relative to

.^valuation criteri^|feble 6-6 provides a summary of these evaluations for each
^alternative. Ea^ojfthese alternatives includes dredging and upland management

.£fjf of the wood Waste (above 50 percent) area and excavation and treatment or
;jjjjjg. disposal of Baxter Cove sediments. Mitigation for all of the alternatives includes
fjp|̂  Gypsy Credit4 realignment and replacement of wetlands damaged during site
;SS®f remediation.

CP 001043
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Figure 6-1 TPAH Impacted Soil Volumes and Related UCLs
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Table 6-5 Soil Volume and Statistical Data Summary

Treated Soil Area

No Treatment

Benzene
95% UCL
(pg/kg)

322

Hazardous Waste 1 32-2

Nearshore DNAPL

All DNAPL

TPAH > 1 ,000
m^kg

322

284

150

Naphthalene
95% UCL
(mg/kg)

2,337

267

180

133

26

Chrysene
95% UCL
(mg/kg)

116

22

15

9

5

TPAH
95% UCL
(mg/kg)

9,862

5,169

3,601

886

.,488
,*fik•V«"'".'-'ifi;!i

.r VJs- ".*-': - .̂'*

Pounds PAH Per
1 ,000 Tons

Total
Soil

35.0

12.4

42

JB
(Cbss-MS*?
^Ss^S

Impacted
Soil

35.0

14°
jP-6

MF"" 4.3
LM<
KSgkr.=E1<,£?<v

Treated
PAH
Mass
(tons)

0

9

147

542

856

.̂ ?«^#£^3§$i?:j££:.,

m? ~^s5?Miy$ ,̂
fe- ^SfWEJ^fV-SsSi..U- * \7.*t-iil-'. "••. - "3£j™V-S'"'»-V-v.fliMiiiJisr:.;:;!***,-;:-....

6.4.1 Alternative BD1 - CDF m^. ,/"
•;v^-v%:^?

ĵ̂ :̂ :-r£--i-,t;.̂  • „.„..

This alternative includes the construction of anipypoximately 2.9-acre CDF. The
containment wall will be installed near the^uf|i|̂ |̂n|: of the CDF to contain
nearshore sediments and DNAPL seeps!^?'PAH^i^g|fe|fed sediment from the
T-Dock and the Quendall nearshore ar^apb.eyond tHI^fipyill be dredged and
placed in the CDF. The Grey Zone^§ili|ternomtorealf0Friatural recovery and
JT s C.'T-i-^.-l-) î 1'; --rT--j?;~,-iIV.:''>\:>5£- - '̂̂  •'/ ^

appropriate mitigati :" u~ :~--;l^~~-**~^-£^".i~~ r^T^n1

This alternative ranks high? for long-term ?@fe"et'iveness since all impacted
,-tpO.fV* ^<~ O ^ry Jr

sediments are dredged afilfcontained and allv'subsurface DNAPL seeps in the
o /-'ivri-ps .tssr jif/f r

Quendall nearshore wiBlffe' contaj|ifed. However, this alternative also ranks low
no

water
ettM'Snt. ThisWtWm'ai-ive recei've^moderate ratines for short-term effectiveness

•^•ijgareifSg^ "'v^;4sB::iff3^«!v

6.4.2 Alternative BD2 - Nearshore Containment
, ' . • ^

The nearshorevgonMirament alternative includes placement of an approximately
0.5-acre contaiffin|nticell at the Quendall nearshore. This cell and containment
wall along the obiter'extent will contain the most highly impacted sediments and
most of the nearshore DNAPL seeps; some subsurface DNAPL seeps will remain
beyond the,eontainment wall. The T-Dock area and the Quendall nearshore area
ey^n.ddhe containment cell will be dredged and treated or disposed upland.
nfei^ed natural recovery and monitoring of the Grey Zone will be implemented.

i%\ppfbpriate mitigation for the 0.5-acre containment cell will be performed.

CP 001045
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Table 6-6 Detailed Evaluation of Sediment and Containment Wall Remedial Alternatives

Alternative

BDl
CDF

BD2
Nearshore Containment

BD3
Dredging

Long-Term
Effectivness

Only North Sump
remains long-term
concern

HIGH

North Sump and
Quendall remain as
long-term concerns

MODERATE

Only North Sump
remains long-term
concern

HIGH

Short-Term
Effectivness

Some short-term
exposure for workers

MODERATE

Some short-term
exposure for workers

MODERATE

Some short-term
exposure for workers

MODERATE

Reduction in
Mobility.Toxicity

and Volume

Limited volume reduction
since PAH-impacted
sediment is contained

LOW

Significant PAH
volume reduction

MODERATE

Near complete PAH
volume reduction

HIGH

Ability to
Implement

Requires constmction
of in-water berm

MODERATE

Requires placement of
containment area
in-water

MODERATE

Requires extensive
dredging in the
Quendall nearshore

MODERATE

Cost

$9.6M
Mechanical

$9.5 M
Hydraulic

$11.1 M
Mechanical

$11.3M
Hydraulic

$13.5 M
Mechanical

$13. 7 M
Hydraulic

Notes

Contains all impacted
sediment and NAPL
except North Sump

Some NAPL remains
beyond wall at North
Sump and Quendall

Removes all impacted
sediment

NAPL remains at North
Sump and Quendall

o
"0

o
o
o
45*
CD
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This alternative was rated moderate in each evaluation category. There is some
volume reduction due to upland destruction of contaminants in T-Dock and some
Quendall nearshore sediments. Long-term effectiveness is less than Alternative
BDl's since some subsurface DNAPL seeps will remain outside the containment
wall in the Quendall nearshore. This alternative costs approximately $1.8 million
more than Alternative BD1.

6.4.3 Alternative BD3 - Dredging
This alternative includes dredging and upland management of the Grey Zone, the
T-Dock area, and the Quendall nearshore. Subsurface DNAPL sleeps will remain
in the Quendall nearshore area and the containment w-airlwlllbe placed on the

cfr1.":,'-:; /•te-fe^R>y/', r

upland portion of the site. Dredging in the Qufen'dall n6a'rshoretw4ll be restrictedr r oo ;sjA:-,w W '̂-3®$£$ JPSJ
to within the upper 6 ft of sediment; fill in this area wiljyproj|ig||anveffectivet;eap
for any remaining impacted soil. lM .0^ ^llsff:"o r ^ ^ jg.y N^wv

This alternative ranks high for long-term ;e|fee||ve.ness and volume reduction.
More nearshore DNAPL remains uncoiuainedHHiatMe^to the other alternatives,

ff'tff" -J-'̂ SliSSKiî
but more destruction/detoxification occurs^usinggpi^kernative. Short-term

This alternative

s&
6.5 Evaluation of Site-Wide Remedial Actions

The four soil and ground|vater alternative! ~ahd the three sediment and
containment wall alternatives wej^then combined into 12 site-wide remedial
alternatives. Costs alfid an evaiiiation^of each of the remedial alternative
components were,presehted above j£able~6-7 provides a summary evaluation and
cost?estimate for^each^of the site^-wide alternatives. Figures 6-2 through 6-13
provide a conceptual^ interpretation of how the site will remain following
implementation of eacrTo£the alternatives

CP 001047
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Table 6-7 Summary Evaluation of Site-Wide Remedial Alternatives

Site-Wide
Remedial

Alternative

Alternative # 1
-AGO + BD1

Alternative #2
- AGO + BD2

Alternative #3
- AGO + BD3

Alternative #4
-AC1 + BD1

Alternative #5
-AC1 + BD2

Alternative #6
-AC1 + BD3

Alternative #7
-AC2 + BD1

Alternative #8
- AC2 + BD2

Alternative #9
- AC2 + BD3

Alternative
#10-AC3 +
BD1

AlternativefeSffijv;^
#11 -A<E§lK$
BD2 ':%i||

Alternative "^
#12-AC3 + .&?
BD3 ,̂ P^

Long-Term
Effectiveness

Low
High

Low
Moderate

Low
High

Low
High

Low
Moderate

Low
High

Moderate
High

Moderate
Moderate

Moderate
High

High
High

^ .'j^r-- .'-.Hig|Wi
k Moderate^
*S&* '•%'̂ ::

?i£fe ^:-rir

IKllviHigh ''
p||i[i||ii:;

Short-Term
Effectiveness

High
Moderate

High
Moderate

High
Moderate

High
Moderate

High
Moderate

High
Moderate

Moderate
Moderate

Moderate^iS
Moderate"'

Moderate
Moderate ?,J

,̂ ||K$LOW ;*¥

i^Moderafil
fe-' •*'&;.
-V/ '.^iVp'-'-i
fi- .~'.&?&L&'S' ':'-•;

;* , ;;v-:;i'is>''- '̂';% Low^pisg;;i|
!k ModeraW^"""

1̂̂ ^vv:-"' :•»'('•, :/-7-."J'-:

;8fpp?!tow
^Siidderate

Reduction in Mobility,
Toxicity and Volume

Low
Low

Low
Moderate

Low J|
_.Migh

jjiiow sm
^"LOW ^^
14 Low^
^ilodefMe
•4<\7.!i'»ist>.ia'i:"R?r

\pVi^ ' 'Z-*"7*^ -̂
•:fe«5?E6^

X^^fe^,
1f-:';" ,,, J*?saS£&..pi-'£i-

•>• Moderate^^^sfe.

^p;̂  Low^-^J
^SPlpderate "W

BWfftferat^'
^" ^fl̂ iap15"
•' |Wf'

J^High
J.'S' T.a- Low

., "- '"*'*"'
,-'^l-->''tm*

lr High
Moderate

High
High

Ability to
Implement

High
Moderate

HiltModerate
jS»S7"

k^gh

^Moderate

Pi^fcate
^•VS-ifl-'-j^r.'--^-.̂ ..

^^•a. ^SfiVSiKt'-A''^ -"-" '̂(j,

^^HiehiP— *
Mofer£(t:e§*:

-•s>ia>5!!*

High
Moderate

Moderate
!* Moderate

Moderate
Moderate

Moderate
Moderate

Low
Moderate

Low
Moderate

Low
Moderate

Cost

$18.6 M

$20.0 M

$23.3 M

$19*3'M

,1̂ '
§521.1 M
~*

$24 M

$21.1 M

$22.9 M

$25.8 M

$23.3 M

$25.1 M

$28.0 M

''̂ F '̂;:^?:-:':-v

NOTE: All remedies meiejfitKe;'minimum threshold of protectiveness.

CP 001048
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LEGEND

PAH >100 ppm

WOODWASTE >50X

GREY ZONE (WOOD

-NO SOIL TREATMENT
-CAP ALL AREAS EXCEEDING MTCA

METHOD B CRITERIA
-MITIGATION INCLUDES WETLAND

REPLACEMENT, GYPSY CREEK
REALIGNMENT AND 2.9 ACRE CDF

-CONSTRUCT 2.9 ACRE CONFINED
DISPOSAL FACILITY (CDF)

-GREY ZONE LEFT FOR
NATURAL RECOVERY

PORT OUENDALL COMPANY REMEDIAL ALTERNATIVE #1
PORT QUENDAU.



LEGEND

PAH >100 ppm

WOODWASTE >50X

GREY ZONE (WOOD
WASTE <50X)

DNAPL

BAXTER LAGOON

APPROX. CAP
EXTENTS

BIOSPARGE WEUS ON
4O FOOT CENTERS

GROUNOWATER
EXTRACTION WELLS

DNAPL RECOVERY
TRENCH

CONTAINMENT WALL

EXCAVATED OR
DREDGED AREAS

NOTES:

-NO SOIL TREATMENT
-CAP ALL AREAS EXCEEDING MTCA

METHOD B CRITERIA
-MITIGATION INCLUDES WETLAND

REPLACEMENT. GYPSY CREEK
REALIGNMENT AND 0.5 ACRE CDF

-CONSTRUCT 0.5 ACRE CONFINED
DISPOSAL FACILITY (CDF)

-GREY ZONE LEFT FOR
ENHANCED NATURAL RECOVERY.

k&r

OMUn EMVW*V» PORT OUENDALL COMPANY

3-24U-I11

-ar̂ is,v -r-.̂ rt sus.-

REMEDIAL ALTERNATIVE |2 •M9HI9MH
PORT QUENDALL BJ9SX93I
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LEGEND

PAH >100 ppm

WOODWASTE >50JS

GREY ZONE (WOOD

NOTES:
-NO SOIL TREATMENT
-CAP ALL AREAS EXCEEDING MTCA

METHOD B CRITERIA
-MITIGATION AS WETLAND

REPLACEMENT. GYPSY CREEK
REALIGNMENT

WASTE <5(W)

DNAPL



LEGEND

PAH >100 ppm

WOODWASTE >50X

GREY ZONE (WOOD
WASTE <50X)

DNAPL

BAXTER UCOON

APPROX. CAP
EXTENTS

BIOSPARGE WELLS ON
40 FOOT CENTERS

GROUNDWATER
EXTRACTION WELLS

NOTES:
-SOIL TREATMENT OF BAXTER LAGOON
-GAP REMAINING AREAS
-MITIGATION INCLUDES WETLAND

REPLACEMENT, GYPSY CREEK
REALIGNMENT AND 2.9 ACRE CDF

-CONSTRUCT 2.9 ACRE CONFINED
DISPOSAL FACILITY (CDF)

-GREY ZONE LEFT FOR
NATURAL RECOVERY

REMEDIAL ALTERNATIVE g4
PORT QUENDAU



LEGEND

PAH >100 ppm

WOODWASTE >50X

GREY ZONE (WOOD
WASTE <50Z)

DNAPL

BAXTER LACOON

APPROX. CAP
EXTENTS

BIOSPARGE WELLS
40 FOOT CENTERS

GROUNDWATER
EXTRACTION WELLS

NOTES:
-SOIL TREATMENT OF BAXTER LACOON
-CAP REMAINING AREAS
-CAP NEARSHORE BENZENE
-MITIGATION INCLUDES WETLAND

REPLACEMENT. GYPSY CREEK
REALIGNMENT AND 0.5 ACRE CAP

-GREY ZONE LEFT FOR ENHANCED
NATURAL RECOVERY

UM1 CWtl«/WH PORT QUENDALL COMPANY

J-MM-BH
REMEDIAL ALTERNATIVE fS |SI3ill9KM

ffRsSSfSffl?
1 FIcljRE 6-6 lo



LEGEND

PAH >100 ppm

WOODWASTE >50X

GREY ZONE (WOOD
WASTE <50*)

DNAPL

BAXTER LAGOON

APPROX. CAP
EXTENTS

BIOSPARGE WELLS ON
4O FOOT CENTERS

GROUNDWATER
EXTRACTION WELLS

DNAPL RECOVERY
TRENCH

CONTAINMENT WALL

NOTES:
-SOIL TREATMENT OF E1AXTER LAGOON
-CAP REMAINING AREAS
-MITIGATION AS WETIAND

REPLACEMENT. GYPSY CREEK
REALIGNMENT

PORT QUENDALL COMPANY

3-24U-OI1

REMEDIAL ALTERNATIVE #6
PORT QUENDAU EE'lEC

? AS mo L »'• * Ei I » " I

'"n6lJRE 6-7^1



LEGEND

PAH >IOO ppm

WOODWASTE >50X

GREY ZONE (WOOD
WASTE <50S)

DNAPL

BAXTER LAGOON

. APPROX. CAP
EXTENTS

BIOSPARGE WELLS ON
40 FOOT CENTERS

GROUNDWATER
EXTRACTION WELLS

DNAPL RECOVERY
TRENCH

NOTES:
-SOIL TREATMENT OF BAXTER LAGOON

NEARSHORE DNAPL
-CAP REMAINING AREAS
-MITIGATION INCLUDES WETLAND

REPLACEMENT, GYPSY CREEK
REALIGNMENT AND 2.9 ACRE CDF

-CONSTRUCT 2.9 ACRE CONFINED
DISPOSAL FACILITY (CDF)

-GREY ZONE LEFT FOR
NATURAL RECOVERY

REMEDIAL ALTERNATIVE #7
PORT QUENDALL



LEGEND

PAH >100 ppm

WOODWASTE >SOX

GREY ZONE (WOOD
WASTE <5K5)

DNAPL

BAXTER LAGOON

APPROX. CAP
EXTENTS

BIOSPARGE WELLS ON
40 FOOT CENTERS

NOTES:
-SOIL TREATMENT OF BAXTER LAGOON

AND NEARSHORE BENZENE
-CAP REMAINING AREAS
-MITIGATION INCLUDES WETLAND

REPLACEMENT. GYPSY CREEK
REALIGNMENT AND 0.5 ACRE CAP

-GREY ZONE LEFT FOR ENHANCED
NATURAL RECOVERY



LEGEND

PAH >100 ppm

WOODWASTE >50X

GREY ZONE (WOOD

-SOIL TREATMENT OF BAXTER LAGOON
AND NEARSHORE DNAPL

-CAP REMAINING AREAS
-MITIGATION AS WETLAND

REPLACEMENT, GYPSY CREEK
REALIGNMENT

WASTE <5055)

DNAPL

BAXTER LAGOON

CP 001057
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LEGEND

PAH >100 ppm
NOTES:

-SOIL TREATMENT OF ALL DNAPL AREAS
-CAP REMAINING AREAS
-MITIGATION INCLUDES WETLAND

REPLACEMENT. GYPSY CREEK
REALIGNMENT AND 2.9 ACRE CDF

-GREY ZONE LEFT FOR
NATURAL RECOVERY

WOODWASTE >50X

i GREY ZONE (WOOD
I WASTE <5QX)

DNAPL

BIOSPARGE WELLS ON
40 FOOT CENTERS

DNAPL RECOVERY
TRENCH

CONTAINMENT WALL

REMEDIAL ALTERNATIVE #10



LEGEND

PAH >100 ppm

WOODWASTC >50X

GREY ZONE (WOOD
WASTE <50X)

DNAPL

BAXTER LAGOON

APPROX. CAP
EXTENTS

BIOSPARCE WEILS ON
40 FOOT CENTERS

NOTES:

-SOIL TREATMENT OF ALL DNAPL AREAS
-CAP REMAINING AREAS
-MITIGATION INCLUDES WETLAND

REPLACEMENT. GYPSY CREEK
REALIGNMENT AND 0.5 ACRE. CAP

-GREY ZONE LEFT FOR ENHANCED
NATURAL RECOVERY

CP 001059

tr- •T/*7

PORT OUENDAUL COMPANY

3-UU-61I

••«"-̂ >i'5£-~« s^-"

REMEDIAL ALTERNATIVE fit FSaillSTM
PORT OUENDAU. PMBSXSBI
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1EGEND

PAH >100 ppm
-SOIL TREATMENT OF ALL DNAPL AREAS
-CAP REMAINING AREAS
-MITIGATION AS WETLAND

REPLACEMENT. GYPSY CREEK
REALIGNMENT

WOODWASTE >50JS

GREY ZONE (WOOD
WASTE <50X)

DNAPL

APPROX. CAP
EXTENTS

B10SPARGE WELLS ON
40 FOOT CENTERS

DNAPL RECOVERY
TRENCH

CONTAINMENT WALL

EXCAVATED OR
DREDGED AREAS

REMEDIAL ALTERNATIVE f12
PORT QJENDALL



7Summary and Discussion

This Feasibility Study is subject to the disclaimer found in Section 1.3. The
study was prepared for the Port Quendall Company as part of the due diligence
related to the potential purchase of the J.H. Baxter, Quendall Terminals, Pan
Abode and Barbee Mill properties. The Baxter and Quendall properties currently
require cleanup under the Washington State Model Toxics Control Act (MTCA).
The primary focus of the FS was to evaluate cleanup alternatives fjgr those two
properties. In addition, Ecology expressed concern regardingrfie potential
presence of wood waste in harbor area sediments adjacel^:t0^he Barbee Mill
property. After consultation with and approvaltbv the':lB.t|l|e®jMill owners andr. r_ J . ._ rr M-^fffs-^ - ^Jfiasssg-fe......,,.<„,,

The purpose of this Feasibility Study was td|||anl|̂  the range of cosis&ssociated
with cleaning up the properties in a manner v^feMf^grotective of human health
and the environment and which is consistent wim^ptelproposed Port Quendall

' • •"* ^S^.';?^ JTyS::-'̂ ' J--?i;- •!. ^"*

redevelopment plans. A focused set of remedial al?S|Ka|iw|sv,was developed after
extensive consultation with Ecology^ anclfe.other rlso|iMî  agencies. These0/-3A -v .̂. ••^sya.x O
alternatives were then used to develop -a range of costslfbr the cleanup of the

** r .'v-:'S9'-:. •:&-'* r

subject properties. * ̂

All the alternatives presented inyfhe FSJImeet the minimum threshold
requirements of complyMg|with cleanup levels and ARARs and being protective
of human health and t^senvironm|nt. Thejalternatives vary in the way in which

" ip^lgf '̂m'e alternatives rely predominantly on
soitelaipbing), whereas other alternatives rely

,:I,T-..i, •£.-,•*«- |.>iri*.i. 'Xsj^aii1" * *• JL O' J

bJr\®|ri|̂ ;al and treatment alternatives (i.e., soil removal and
ed costs developed in the FS ranged from $18.6
more expensive alternatives involving a greater

ffiinant removal.

^iAlternatives wM|p§involve removal of all contaminated soils and sediments
jjjjl exceeding cleanjfp'levels were determined in the remedy screening process to be
H technically infeasible and not cost effective. As a result, all of the alternatives
$t%. presented jtr|#the detailed evaluation (Section 6) assume that institutional
^& ^controls, including deed restrictions and long-term monitoring, will be required.

' ''^

CP 001062
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7.2 Pro-Forma Analysis
RETEC developed a "most probable" least cost associated with site cleanup for
the Baxter and Quendall properties and for management of sediments adjacent
to Barbee Mill. The remedies included in the "most probable" cost are based on
the work completed to date and based on opinions expressed by Ecology and the
other resource agencies during the Port Quendall project meetings. The use of
other remedies may be equally protective and appropriate for other development
assumptions, or after additional testing or regulatory analysis. Uncertainties
associated with the cost estimate were identified and bounded by^Sif upper
cost range as described below for each of the properties.JH^ f;J?

r

J~!i$y?js?l>:r"

J.H. Baxter ..iw^ -̂̂ m^^m- j?^ f̂Npipg v̂ - jr
Table 7-1 presents the cost estimate for theiBpcter site.^Betailsea|pa'Glcup for^eath
of the line items is included in Appendix A |̂ |his report. For Bax|fei%iyhie^assumed
remedy includes the following: ^%%if:' ^c^"**ip;sfk

• Off-site incineration of Baxter LagGJohl|iei|̂ nts (assumes these
materials are designated as K001 wastes)

• On-site thermal treatment of conJaSMkiated sdi^^^pHentified source
Q VP Q C • ̂ -H''--'̂ '̂̂ '̂ ^^ '̂" '̂.^^ *>Y'i<re*

..̂ S!7**%ijvK;gK^gv ,'&"

Capping of soil areas whiih exceMtiMfl|(iA.%Meihod B direct contactrr ° .-'-;/•• ,£-"•" "3-:=^ ̂ T^iiv*

cleanup levels si?' .Jf '"̂ ••̂  *'•£*'
Excavation and on-site thernjaFtreatm^it 'of contaminated sediments
from Baxter Covefilf^ *$ $

••^iVVf^ ' ££K .->-•¥

Wetland mitigation M* ^
° .rt'.Vij" •--C-Virtf. . v'*c;y-

>f and institutional controls•,, Long-term .eroiinawater mo'ni^orinj
.&%. 6 .̂ P%.y?f Pji>?Spi&;̂ f

-̂̂ '.;. -Ar.;;.?:-:-:/?;̂  .-..̂ wi'iSif-:-̂ .-̂ "
.iiiPfe:^ <fii* .̂, '5;^fe^

TsKil|eiftedy is ba||d|QFfethe use of the site for both commercial and residential
use^ilpKhptptal c^s |̂̂ tetst remedy is estimated at $5.7 million. The most
significanK|^ ;̂uncertai|||i|s;:*associated with this remedy are related to the
volume;ofj|on|^|tinated isojrls requiring excavation and treatment. To the extent
that the final' 'cleanup will require compliance with a concentration-based

^'remediation level" fqf-any removal action, there is a significant risk that volumes
Jj^ and costs couloVlhcrease We have added an uncertainty factor of 1.7 to all of the
'jj. predicted excavation volumes to develop an upper range cost estimate for this
% alternative. JPhe use of an area-based remediation action would decrease this risk.
'~?;US -'̂ .;"
••%«fe.. ':' " : '~

risk factors are whether a backup groundwater extraction and
system will be required, and what groundwater extraction rates will be

associated with such a system. Based on the results of modeling work conducted
by RETEC for the Baxter property, we believe that natural attenuation will be

Swwwa/j and Discussion 7-2
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Table 7-1 Remedial Action Cost Summary, Baxter and North Baxter Properties

Mobilization/Site Preparation
Demolition
Soil Treatment (Thermal Dcsorption)

Hazardous Waste Excavation and Incineration
Baxter Nearshore
Baxter Farshore
Drip Tracks
Barker Area

Capping
Baxter Nearshore
Baxter Farshore
Remainder of Method B Exceedance Areas

Sediment - Baxter Cove
Mitigation
Institutional Controls &. Monitoring

SUBTOTAL (Soil Removal and Capping)

Groundwater Extraction &_ Treatment

TOTAL COST

Probable
Least Cost

444,500
189,230

702,945
1,513,787

483,108
223,520

84,455

123,017
100,459
657,449
142,056
508,000
532,396

$5,700,000

$1,148,405

$6,900,000

Probable
Upper Cost

508,000
189,230

1,555,052
2,853,148

952,398
426,466

- 144,717

136,843
114,285
671,275
247,469
508,000

1,002,619

$9,300,000

$3,165,814

$12,500,000

NOTE: Estimate assumes clean fill is still available at no cost from Cedar River dredging

CP 001064
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effective at meeting groundwater cleanup requirements after the soil removal
actions described in the "most probable" scenario have been conducted.
However, there is limited precedent for agency acceptance of this type of remedy
at other wood treating sites in the state. Therefore, we have included the costs
of a groundwater extraction and treatment system as a contingency for this
property.

After all of the uncertainty factors have been included, the upper bound on the
Baxter remediation costs is estimated to be $12.5 million. ,

"
4

Quendall Terminals JljÎ jF
For the Quendall Terminal property, two estim^ps were^^^liped based on the
use of the site for a "low density" commercia|pfevelopm^nlv|a |̂a^h.igh densi^p"
commercial/residential development. Thesejjfyo estimates'are*
Detailed backup for these costs is indudedli&Appeno'ix A of

r m-raK^C-S '̂
'i-.':w*,S.-V*r?-f,1?

^ppplg.
The first Quendall estimate assumes that WelgsiSel&yould be used for a "low

^*- fj. 1™:"--•:*?.—".f"w«'TT=i«fc.

impact" development, which could inc||rae "-S||ffMî dal uses in two-story
structures. Under this scenario, the need for "<î en|̂ e-,, piling in areas of
f*{"\T"l f" i)tT\1 tl 3 \\ On f*Ol llrl hP •»*v\t f»i -\~Y\\ TO*-! .rfTf»rt'/-»KitiM'KVi oi- o rrmraf&li*ix'r^?Xir£*'rY\f\\ ml /^r 1~̂ \ N.T A OT

impact soils would not be required^
PAH-contaminated sediments.aFthe T-EiolslSaaffe^edged and consolidated in a

*,T-j;-r ,-.-.•; "*i(̂ -̂".̂ iî w,̂ j.<^O

confined disposal facility injfhe Queivdall illfeflparbor area, sediments with
>50% wood waste are dredjld and recycled a.|p tnat the sediment "grey zone" is
treated through enhancejdln'atural^covery.^

<-> "l;";.-:1''̂  -' ."-Vik^ ^ ^.r"

The^estimated cg^cp the "l^^^^e '̂' alternative is $16.8 million. Cost
ur|(|̂ îties asJl|Me|l?. with truftflgmative are related to the costs of DNAPL

^^^and the v^iam^i^nd costs associated with impacted sediment removal.
r^i^u^-vssi—------^j^pltve^upper cost is assumed to be $18.7 million.

Th6^high^®ptc|" scenario for the Quendall property assumes that property
djBvelopment wji:n|inyolv,e buildings with deep-piling foundations, which could be

-;uised for residential"[and commercial purposes. Aggressive excavation and on-site\
'^ thermal treatmelit of DNAPL-impacted soils are assumed under this alternative. lv

/;-u Based on this^octensive removal action, the need for DNAPL recovery is greatly/
"i^c- reduced, thefcfosts of capping are reduced, and a backup groundwater extraction
;4^JFsystem,is4$rnitted. For sediments, this alternative assumes that all impacted
- *^* sediments are removed by dredging, including PAH-contaminated sediments at

*-- both the T-Dock and nearshore areas, the sediments containing >50 percent
wood waste and also the grey zone sediments. Under this alternative, the

Summary and Discussion 7-4
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Feasibility Study

Table 7-2 Remedial Action Cost Summary, Quendall Terminals Property

SOIL AND GROUNDWATER
Soil Treatment

Mobilization/Site Prep
Quendall Pond
Former May Creek
North Sump
Still House

DNAPL Recovery
Mobilization/Site Preparation
North Sump
Quendall Pond
Former May Creek

Cap
Mobilization/Site Preparation
Quendall Pond
Former May Creek
North Sump
Still House
Other Method B Exceedances

^roundwater
Biosparging
Groundwater Extraction
Institutional Controls/Monitoring

Subtotal (Soil and Groundwater)

SEDIMENT AND CONTAINMENT WALL
Sediment Remediation

Mobilization/Site Preparation
Remove/Recycle Wood Waste
Grey Zone Dredging
Grey Zone Natural Recovery
CDF, Dredge T-Dock &. Nrshr
T-Dock Dredging
Nearshore Dredging (6' max)

Mitigation
Wetland Replacement
For CDF (2.9 acres)

Containment Wall
Upland Wall
CDF Outer Wall

Subtotal Cost (Sediment and
Containment Wall)

TOTAL COST

Low Impact
Probable Least

Cost

$0

$1,868,320
63,500

878,452
463,184
463,184

$2,050,676
63,500

120,203
134,097
113,876
371,074

1,247,926
$5,305,130

999,167
3,331,404

974,559

$9,224,125

$5,470,150
468,600

2,201,595

254,983
2,544,972

$1,016,000
508,000
508,000

$1,327,500

1,327,500

$7,813,650

$17,000,000

Development
Probable Upper

Cost

$0

$1,924,221
63,500

906,403
477,159
477,159

$2,050,676
63,500

120,203
134,097
113,876
371,074

1,247,926
$5,305,130

999,167
3,331,404

974,559

$9,280,027

$7,319,163
468,600

3,305,351

254,983
3,290,228

$1,016,000
508,000
508,000

$1,327,500

1,327,500

$9,662,663

$19,000,000

High Impact
Probable Least

Cost

$6,886,643
506,674

1,862,452
1,306,380

908,208
2,302,929
$941,952

63,500
878,452

$452,025
63,500

388,525
$1,973,726

999,167

974,559

$10,254,346

$10,845,916
468,600

2,201,595
3,603,727

1,817,829
2,754,165
$508,000

508,000

$1,173,333
1,173,333

$12,527,249

$23,000,000

Development
Probable Upper

Cost

$12,767,538
570,174

3,419,617
2,395,655
1,754,316
4,627,777
$969,903

63,500
906,403

$452,025
63,500

388,525
$1,973,726

999,167

974,559

$16,163,192

$18,381,900
468,600

3,305,351
5,992,146

3,387,749
5,228,054
$508,000

508,000

$1,255,000
1,255,000

$20,144,900

$36,000,000
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Feasibility Study

confined disposal facility for sediments has been removed and the containment
v/all is located on the upland portion of the site.

The estimated cost of the "high impact" alternative is $23.0 million. However,
there are substantial cost uncertainties related to this alternative. These
uncertainties are associated with the volumes of impacted soil which are removed,
the costs of DNAPL recovery and the costs of conducting the sediment removal
action. There is still significant work to be completed with the regulatory
agencies to develop a consensus on remedial approaches to the wood waste and
contaminated sediments found off shore of Quendall. With thesel&hcertainties,

ffi\ jfi-'*?!*'
the upper cost is assumed to be $36.6 million for this alfcemati&eTcr .- jteiTS-isSSfcEHS'

It should be noted that the costs for the Qujpfell T e r r r l M d e s the costs
of managing sediments containing wood wfste that ari^ffsl^^®fethe Barjfee

O O O fcV-V" ,/ ?-JJ* '̂ .r';-";-'i"[*i;'l7r.VV*?">-'-JS:0-Jv --*-;>>Tf"

Mill property. This is consistent with J-he. development
L F J tfWSsJSjji. £jf&"

presented in the FS.
'

:-- f̂

wi?sr

^P"~" 1111111%, .<$,-&*' î ŝs§^%«Kr

^ ^&-•: >5&' '?-• '1 :'*-̂ J3 *̂1

£•'"• -i-'-, rC:^/'-*--*"
.jMs £?' .cSf

giî
,|igf
aSr

î
^r:"' '"̂ i9m.. "
A> -'.•'«sfc!«?r;WiXi

ŝf̂ isglSVSlF1'
'̂ :«SSSS& '̂
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Table A-1 Soil and Groundwater (AC) Remedial Alternatives Cost Estimates

Soil Treatment
Mobilization/Site Prep
Hazardous Waste
Quendall Pond
Former May Creek
Baxter Nearshore
North Sump
Still House
Baxter Farshore
Baxter Farshore

DNAPL Recovery
Mobilization/Site Preparation
North Sump
Quendall Pond
Former May Creek

Cap
Mobilization/Site Preparation
Quendall Pond
Former May Creek
Baxter Nearshore
North Sump
Still House
Baxter Farshore
Other Method B Exceedances

Groundwater
Biosparging
Groundwater Extraction
Institutional Controls/Monitoring

TOTAL COST

AGO - No Soil Treatment
Probable Probable

Least Cost Upper Cost

$0 $0

$1,868,320 $1,924,221
63,500 63,500

878,452 906,403
463,184 477,159
463,184 477,159

$2,931,601 $2,973,079
63,500 63,500

120,203 120,203
134,097 134,097
123,017 136,843
113,876 113,876
371,074 371,074
100,459 114,285

1,905,375 1,919,201

$5,305,130 $5,305,130
999,167 999,167

3,331,404 3,331,404
974,559 974,559

$10,100,000 $10,200,000

AC1 - Hazardous Waste
Probable Probable

Least Cost Upper Cost

$702,945 $1,555,052

702,945 1,555,052

$1,868,320 $1,924,221
63,500 63,500

878,452 906,403
463,184 477,159
463,184 477,159

$2,931,601 $2,973,079
63,500 63,500

120,203 120,203
134,097 134,097
123,017 136,843
113,876 113,876
371,074 371,074
100,459 114,285

- 1,905,375 1,919,201

'$5,305,130 $5,305,130
999,167 . 999,167

3,331,404" 3,331,404
974,559. 974,559

$10,800,000 $11,800,000

AC2 - Nearshore DNAPL
Probable Probable

Least Cost Upper Cost

$3,072,071 $5,544,843
506,674 570,174
702,945 1,555,052

1,862,452 3,419,617

$1,405,136 $1,447,062
63,500 63,500

878,452 906,403

463,184 477,159

$2,811,398 $2,852,876
63,500 63,500

134,097 134,097
123,017 136,843
113,876 113,876
371,074 371,074
100,459 114,285

1,905,375 1,919,201

$5,305,130 $5,305,130
999,167 999,167

3,331,404 3,331,404
974,559 974,559

$12,600,000 $15,100,000

AC3- All DNAPL
Probable . Probable

Least Cost Upper Cost

$9,894,458 $18,699,320
506,674 570,174
702,945 1,555,052

1,862,452 3,419.617
1,306,380 2,395,655
1,513,787 2,853,>148

908,208 1,754,316
2,302,929 4,627,777

483,108 952,398
307,975 571,183

$941,952 $969,903
63,500 63,500

878,452 906,403

$1,968,875 $1,982,701
63,500 63,500

1,905,375 .... .1,919,201

$1,973,726 •••••$1,973,726
999,167 '.•.,-..;!. 999,167

974,559 974,559

$14,800,000 $23,600,000
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Table A-2 Sediment and Containment Wall (BD) Remedial Alternatives Cost Estimates

Sediment Remediation
.Mobilization/Site Preparation
Remove/Recycle Wood Waste
Grey. Zone Dredging
Grey Zone Natural Recovery

. Grey Zone Enhanced Recovery
CDF, Dredge T-Dock & Nrshr

, Containment, Dredge Nearshore
T-Dock Dredging
Nearshore Dredging (6' max)

. Baxter Cove

Mitigation
Wetland Replacement
Gypsy Creek Realignment
For CDF (2.9 acres)
For Containment (0.5 acres)

Containment Wall
Upland Wall
Nearshore Wall
CDF Outer Wall

TOTAL COST

BD1 - CDF (2.9 acres)
Probable Probable

Least Cost Upper Cost

$5,630,206 $7,584,631
486,600 486,600

2,201,595 3,305,351

254,983 254,983

2,544,972 3,290,228

142,056 247,469

$1,524,000 $1,524,000
508,000 508,000
508,000 508,000
508,000 508,000

$1,327,500 $1,327,500

1,327,500 1,327,500

$8,500,00.0; $10,400,000

BD2 - Containment (0.5 acres)
Probable Probable

Least Cost Upper Cost

$7,551,655 $12,435,492
486,600 486,600

2,201,595 3,305,351

462,530 462,530

2,441,045 4,545,793
1,817,829 3,387,749

142,056 247,469

$1,524,000 $1,524,000
508,000 508,000
508,000 508,000

508,000 508,000

$1,256,250 $1,256,250

1,256,250 1,256,250

$10,300,000 $15,200,000

BD3 - Nearshore Removal
Probable Probable

Least Cost Upper Cost

$11,005,972 $18,647,369
486,600 486,600

2,201,595 3,305,351
3,603,727 5,992,146

1,817,829 3,387,749
2,754,165 5,228,054

142,056 247,469

$1,016,000 $1,016,000
508,000 508,000
508,000 508,000

$1,173,333 $1,173,333
1.173,333 1,173,333

$ 1 3 ,200,000 $20,800,000o

oo
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PROBABLE LEAST SITE REMEDIATION COST ESTIMATE
BAXTER AND NORTH BAXTER PROPERTIES

PORT QUENDALL DEVELOPMENT

P. 1

Material Handling Assumptions:
Hazardous Waste (Baxter Lagoon)
Baxter Nearshore
Baxter Farshore
Drip Tracks
Barker
Baxter Cove

Capping Area Assumptions:
Total Area Exceeding Method B
Area to be Capped with Liner and Fill
Area Covered by Development Features
Area to be Capped with 3 feet of Clean Fill

Cost Estimating Parameters & Methodology:
Interest Rate
Soil Density (in situ)

Excavation and Backfilling
Mobilization
Excavation/Stockpiling
Excavation/Backfill Rate
Dewatering System Install
Water Treatment
Temporary Steel Piling
Backfill and Compact On-Site Soil
Upland Handling

Baxter Cove Excavation
u'tial Moisture Content (% mass )

Moisture Content After Dewatering
Excavation
Backfill

Capping
Clean Fill Capping
Liner and Fill Capping
Offloading Crane Mobilization
Clean Sediment Offloading Rate
Clean Sediment Offload Shift Rate

Soil Treatment
On-Site Thermal Treatment

Off-Site Incineration
Analytical Costs per Excavation Area

Excavation Confirmation
Groundwater Extraction

Upgrade Dewatering System
Extraction Wells, Piping, etc. (6" PVC x 40 feet)
Number of Extraction Wells
Extraction Rate
Groundwater Treatment

Groundwater Monitoring
Monitoring Wells
Number of Monitoring Wells
Plans
Sampling and Analytical
Reporting

h] ional Controls
Public Education Program
Maintaining O&M Plans
Deed Restrictions

Engineering. Procurement & Construction Management
Contingency

Surface Area
2,180 sf

33,060 sf
26,230 sf

Excavation
500 cy

13,620 cy
4,800 cy
2,000 cy

500 cy
900 cy

700,000 sf
59,290 sf

50%
335,178 sf

8.0%
1.40 tons/cy

$100,000
$10 percy

1,000 cy per day
$100,000 Is

$0.01 per gallon
$15 persf
$7 percy
$5 percy

55%
30%
$10

$1,00 .per sf
$2.00 per sf

$50,000
1,000 cy per shift

$3,500 per shift

$100,000 mobilization, plus
$40 per ton

$750 per ton

Probable Upper Values
1 850 cy

23154 cy
8160 cy
3400 cy

850 cy
1530 cy

$150,000 Is
$0.02 per gallon

1.0% of capita] cost
1.0% of capital cost

$50 per ton
$1.000 per ton

$20,000 LS

$100,000
$25,000 each

4
25 gpm

$10 per 1000 gal

$10,000 ea
4

$20,000
$25,000 per year
S 10,000 per year

$20,000 originally, plus
$8,000 originally, plus
$5,000 originally

12% of capital
15% of capital

Soil Treatment QA $10,000 LS

$200,000

8
50 gpm

$15 per 1000 gal

10

$50,000 per year
S20,000 per year

$1,000 per year
$800 per year
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P.2

COST ESTIMATE FOR
MOBILIZATION/SITE PREPARATION

.. Dewatering Rate

Capital Items
Excavation and On-Site Treatment
Mobilization
Mobilization, Sediment Offloading Crane
Dewatering Treatment System^ Purchase
On-Site Thermal Treatment, Mobilization

Quantity Units

1 LS
1 LS
1 LS
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

30 gpm

Cost

$100,000
$50,000
100,000
100,000..

$350,000
42,000

.- 52.500

$444,500

$444,500

Capital Items
In-Water Pilings/Dolphins
Mobilization
Removal/Offloading
Disposal
Demolition
Upland/Nearshore Structures

COST ESTIMATE FOR
DEMOLITION

Quantity Units

1
26
26

1

LS
EA
EA

LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

"I'-

Cost'

$60,000
$26,000 '
$13,000

50,000

$149,000
17,880r
22.350 ':

$189,230

$189,230

COST ESTIMATE FOR
HAZARDOUS WASTE EXCAVATION AND INCINERATION

Capital Items
Excavation and Incineration
Excavation
Backfilling w/On-Site Soil
Incineration
Excavation Confirmation

Quantity Units

500
500
700

1

cy
cy
ton
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$5,000
3,500

525,000
20.000.

$553,5QP
66,420
83,025

$702,945

$702,945

CP 001077



P.3

COST ESTIMATE FOR
BAXTER NEARSHORE SOIL TREATMENT

Dewatering Rate 26 gpm

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/on-site Soil
Dewatering Treatment
Temporary Steel Piling
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Quantity Units

13,620
13,620

1,019,866
10,500
19,068

1
1

cy
cy
gal
sf

ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$136,200
95,340
10,199

157,500
762,720
20,000
10.000

$1,191,959
143,035
178,794

$1,513,787

$1,513,787

COST ESTIMATE FOR
BAXTER FARSHORE SOIL TREATMENT

Capital Items
'.xcavation and On-Site Treatment

Soil Excavation
Backfilling w/on-site Soil
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Quantity Units

4,800
4,800
6,720
I
1

cy
cy
ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$48,000
33,600

268,800
20,000
10.000.

$380,400
45,648
57.060

$483,108

$483,108
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P.4

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/on-site Soil
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

COST ESTIMATE FOR
DRIP TRACK SOIL TREATMENT

Quantity Units

2,000
2,000
2,800

1
1

cy.
cy
ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

S20.000
14,000

112,000
20,000
10.000

$176,000
21,120
26.400

$223,520

$223,520

COST ESTIMATE FOR
BARKER SOIL TREATMENT

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/on-site Soil
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Quantity Units

500
500
700

1
1

• cy
cy
ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$5,000
3,500

28,000'
20,000.
10.000:

$66,500
7,980
9.9.75

$84,455

$84,455

CP 001079



P.5

COST ESTIMATE FOR
SITE CAPPING

BAXTER NEARSHORE

Capital Items Quantity Units
Cap with Liner and Fill 33,060 sf
Upland Offloading of Cedar River Sediment 3,673 cy
Capping QA/QC 1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs Years Annual Cost
Maintenance of Cap 30 890

Total Present Worth, Longer Term O & M Costs:

Total Project Capital and O & M Cost:

BAXTER FARSHORE

Capital Items Quantity Units
Cap with Liner and Fill 26,230 sf
Upland Offloading of Cedar River Sediment 2,914 cy
Capping QA/QC 1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs Years Annual Cost
Maintenance of Cap 30 727

Total Present Worth, Longer Term O & M Costs:

Total Project Capital and O & M Cost:

REMAINDER OF METHOD B EXCEEDANCE AREAS

Capital Items Quantity Units
Cap with 3 feet of Clean Fill 335,178 sf
Upland Offloading of Cedar River Sediment 37,242 cy
Capping QA/QC 1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency.

Total Capital:

Present Worth of Longer Term Operating Costs Years Annual Cost
Maintenance of Cap 30 4,755

Total Present Worth, Longer Term 0 & M Costs:

CP 001080
Total Project Capital and O & M Cost:

Cost
$66,120
$12,857

10,000

$88,977
10,677
13,347

$113,000

Cost
10,017

$10,017

5123,017

Cost
$52,460
$10,201

10,000

$72,661
8,719

10,899

$92,279

Cost
8,180

$8,180

$100,459

Cost
$335,178
$130,347

10,000

$475,524
57,063
71,329

$603,916

Cost
53,533

$53,533

5657,449



P.6

Capital Items
Excavation
Construct Berm/Dewater
Excavation
Backfilling
Excavation Confirmation
Soil Treatment QA
Dewatering
Water Treatment
Soil Treatment
Upland Handling
On-Site Thermal

COST ESTIMATE FOR
BAXTER COVE EXCAVATION & TREATMENT

Quantity Units

1
900
900

1
1

75,519

900
1,260

LS
cy
cy
LS
LS

gal

cy
ton

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

10,000
9,o'd6
7,200

20,000
10,000

755

4,500
50.400

$111,855
13,423
16.778

$142,056

$142,056

Capital Items
Gypsy Creek Realignment

COST ESTIMATE FOR
MITIGATION - GYPSY CREEK REALIGNMENT

Quantity Units
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost
400,000

$400,000
48,000
60,000

$508,000

$508,000

CP 001081



P.7

COST ESTIMATE FOR
GROUNDWATER EXTRACTION & TREATMENT

Capital Items
Upgrade Dewatering Treatment System
Gromidwater Extraction
Mobilization
Extraction Wells

Quantity Units
1 LS

1
4

LS
ea

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Water Treatment

Years
10

Annual Cost
131,400

Total Present Worth, Longer Term O & M Costs:

Total Project Capital and O & M Cost:

Cost
$100,000

$10,000
$100,000

$210,000
25,200
31,500

$266,700

Cost
881,705

$881,705

$1,148,405

CP 001082



P.8

Capital Items
Institutional Controls
Public Education Program
Maintaining O&M Plans
Deed Restrictions
Groundwater Monitoring
Wells
Plans

COST ESTIMATE FOR
INSTITUTIONAL CONTROLS AND MONITORING

Quantity Units

1 LS
1 LS
1 LS

ea
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs Years
Public Education Program 30
Maintaining O&M Plans 30
Sampling and Analytical 30
Reporting 30

Total Present Worth, Longer Term O&M Costs:

Total Project Capital and O & M Cost:

Annual Cost
1,000

800
25,000
10,000

Cost

$20,000
$8,000
$5,000

$40,000
$20.000

$93,000
11,160
13.950

$118,110

Cost
11,258
9,006

281,445
112.578

$414,286

$532,396

CP 001083



PROBABLE UPPER SITE REMEDIATION COST ESTIMATE
BAXTER AND NORTH BAXTER PROPERTIES

PORT QUENDALL DEVELOPMENT

P.I

Material Handling Assumptions:
Hazardous Waste (Baxter Lagoon)
Baxter Nearshore
Baxter Farshore
Drip Tracks
Barker
Baxter Cove

Capping Area Assumptions:
Total Area Exceeding Method B
Area to be Capped with Liner and Fill
Area Covered by Development Features
Area to be Capped with 3 feet of Clean Fill

Cost Estimating Parameters & Methodology:
Interest Rate
Soil Density (in situ)

Excavation and Backfilling
Mobilization
Excavation/Stockpiling
Excavation/Backfill Rate
Dewatering System Install
Water Treatment
Temporary Steel Piling
Backfill and Compact Ou-Site Soil
Upland Handling

Baxter Cove Excavation
"•u'tial Moisture Content (% mass )
.Moisture Content After Dewatering
Excavation
Backfill

Capping
Clean Fill Capping
Liner and Fill Capping
Offloading Crane Mobilization
Clean Sediment Offloading Rate
Clean Sediment Offload Shift Rate

Soil Treatment
On-Site Thermal Treatment

Off-Site Incineration
Analytical Costs per Excavation Area

Excavation Confirmation
Groundwater Extraction

Upgrade Dewatering System
Extraction Wells, Piping, etc. (6" PVC x 40 feet)
Number of Extraction Wells
Extraction Rate
Groundwater Treatment

Groundwater Monitoring
Monitoring Wells
Number of Monitoring Wells
Plans
Sampling and Analytical
Reporting

Li ional Controls
Public Education Program
Maintaining O&M Plans
Deed Restrictions

Engineering. Procurement & Construction Management
Contingency

Surface Area
2,180 sf

33,060 sf
26,230 sf

Excavation
850 cy

23,154 cy
8,160 cy
3,400 cy

850 cy
1,530 cy

700,000 sf
59,290 sf

50%
335,178 sf

8.0%
1.40 tons/cy

$100,000
$10 percy

1,000 cy per day
S150.000 Is

S0.02 per gallon
$15 persf

$7 percy
$5 percy

55%
30%
$10

,.$l,00.,.p€TSf...
$2.00 per sf

$50,000
1,000 cy per shift

$3,500 per shift

$100,000 mobilization, plus
$50 per ton

$1,000 per ton

1.0% of capital cost
1.0% of capital cost

$20,000 LS

$200,000
$25,000 each

8
50 gpm

$15 per 1000 gal

$10,000 ea
10

$20,000
$50,000 per year
$20,000 per year

$20,000 originally, plus
$8,000 originally, plus
$5,000 originally

12% of capital
15% of capital

Soil Treatment QA $20,000 LS

$1,000 per year
$800 per year

CP 001084



P.2

COST ESTIMATE FOR
MOBILIZATION/SITE PREPARATION

Dewatering Rate

Capital Items
Excavation and On-Site Treatment
Mobilization
Mobilization, Sediment Offloading Crane
Dewatering Treatment System, Purchase
On-Site Thermal Treatment, Mobilization

Quantity Units

1 LS
1 LS
1 LS
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

30 gpm

Cost ,

$100,000
$50,000
150,000
100,000.

$400,000 ,
48,000 .

:;60.000

$508,000

$508,000,

Capital Items
In-Water Pilings/Dolphins
Mobilization
Removal/Offloading
Disposal
Demolition
Upland/Nearshore Structures

COST ESTIMATE FOR
DEMOLITION

Quantity Units

1
26
26

1

LS
EA
EA

LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$60,000
$26',000
$13,000

50,000

$149,000
17,880
22.350

$189,230

$189,230

COST ESTIMATE FOR
HAZARDOUS WASTE EXCAVATION AND INCINERATION

Capital Items
Excavation and Incineration
Excavation
Backfilling w/On-Site Soil
Incineration
Excavation Confirmation

Quantity Units

850
850

1,190
1

cy
cy
ton
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$8,500
5,95'0

1,190,000
20,000

$1,224,450
146,934
183.668

$1,555,052

$1,555,052

CP 001085



COST ESTIMATE FOR
BAXTER NEARSHORE SOIL TREATMENT

P.3

Dewatering Rate 26 gpm

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/on-site Soil
Dewatering Treatment
Temporary Steel Piling
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Quantity Units

23,154
23,154
1,733,772
10,500
32,416

1
1

cy
cy
gal
sf
ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$231,540
162,078
34,675

157,500
1,620,780

20,000
20,000

$2,246,573
269,589
336,986

$2,853,148

$2,853,148

COST ESTIMATE FOR
BAXTER FARSHORE SOIL TREATMENT

Capital Items
'xcavation and On-Site Treatment

Soil Excavation
Backfilling w/on-site Soil
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Quantity Units

8,160
8,160
11,424

1
1

cy
cy
ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$81,600
57,120
571,200
20,000
20,000

$749,920
89,990
112,488

$952,398

$952,398

CP 001086



P.4

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/on-site Soil
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

COST ESTIMATE FOR
DRIP TRACK SOIL TREATMENT

Quantity Units

3,400
3,400
4,760

1
1

cy
cy
ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$34,000
23,800
238,000
20,000'
2o;ooo

$335,800
40,296'
50.370

$426,466

$426,466

COST ESTIMATE FOR
BARKER SOIL TREATMENT

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/on-site Soil
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Quantity Units

850:

850
1,190

1
1

cy
cy
ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$8,500
5,950

59,500
20,000
20.000

$1'13,950~
131674
17,093

$144,717

$144,717

CP 001087



P.5

BAXTER NEARSHORE

Capital Items
Cap with Liner and Fill
Upland Offloading of Cedar River Sediment
Capping QA/QC

COST ESTIMATE FOR
SITE CAPPING

Quantity Units
33,060 sf
3,673 cy

1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of Cap

Years
30

Annual Cost
990

Total Present Worth, Longer Term O & M Costs:

Total Project Capital and O & M Cost:

BAXTER FARSHORE

Capital Items
Cap with Liner and Fill
Upland Offloading of Cedar River Sediment
tapping QA/QC

Quantity Units
26,230 sf
2,914 cy

1 LS

Direct Capital:
Engineering, Procurement & Construction Management
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of Cap

Years
30

Annual Cost
827

Total Present Worth, Longer Term O & M Costs:

Total Project Capital and O & M Cost:

REMAINDER OF METHOD B EXCEEDANCE AREAS

Capital Items
Cap with 3 feet of Clean Fill
Upland Offloading of Cedar River Sediment
Capping QA/QC

Quantity Units
335,178 sf
37,242 cy

1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
/iaintenance of Cap

Years
30

Total Present Worth, Longer Term O & M Costs:

Total Project Capital and O & M Cost:

Annual Cost
4,855

CP 001088

Cost
$66,120
$12,857
20.000

$98,977
11,877
14.847

$125,700

Cost
11.143

$11,143

$136,843

Cost
$52,460
$10,201
20.000

$82,661
9,919

12,399

$104,979

Cost
9.306

$9,306

$114,285

Cost
$335,178
$130,347

20.000

$485,524
58,263
72.829

$616,616

Cost

54.659

$54,659

$671,275



P.6

Capital Items
Excavation
Construct Berm/Dewater
Excavation
Backfilling
Excavation Confirmation
Soil Treatment QA
Dewatering
Water Treatment
Soil Treatment
Upland Handling
On-Site Thermal

COST ESTIMATE FOR
BAXTER COVE EXCAVATION & TREATMENT

Quantity Units

1
1530
1530

1
1

LS
cy
cy
LS
LS

128,383 gal

1,530
2,142

cy
ton

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

'• ' 10,000
15,300
12240
20.000
20,000

2,568

7,650
107.100

$1941858
23,383
29,229

$247,469

$247,469

Capital Items
Gypsy Creek Realignment

COST ESTIMATE FOR
MITIGATION - GYPSY CREEK REALIGNMENT

Quantity Units
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost
400,000

$400,000
48,000
60.000

$508,000

$508,000

CP 001089



P.7

COST ESTIMATE FOR
GROUNDWATER EXTRACTION & TREATMENT

Capital Items
Upgrade Dewatering Treatment System
Groundwater Extraction
Mobilization
Extraction Wells

Quantity Units
1 LS

LS
ea

Direct Capital:
Engineering, Procurement & Construction Management
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Water Treatment

Years
10

Annual Cost
394,200

Total Present Worth, Longer Term O & M Costs:

Total Project Capital and O & M Cost:

Cost
5200,000

$10,000
$200,000

$410,000
49,200
61,500

$520,700

Cost
2,645,114

$2,645,114

53,165,814

CP 001090



P.8

Capital Items
Institutional Controls
Public Education Program
Maintaining O&M Plans
Deed Restrictions
Groundwater Monitoring
Wells
Plans

COST ESTIMATE ^
INSTITUTIONAL CONTROLS AND MONITORING

Quantity Units

1
1
1

10
1

LS
LS
LS

ea
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs Years
Public Education Program 30
Maintaining O&M Plans 30
Sampling and Analytical 30
Reporting 30

Total Present Worth, Longer Term O&M Costs:

Total Project Capital and O&M Cost:

Annual Cost
1,000

800
50,000
20,000

Cost.

$20,000
$8,000
$5,000

$100,000
$20,000

$153,000
18,360
22,950

$194,310

Cost
11,258
9,006

562,889
225.156

$808,309

$1,002,619

CP 001091



FEASIBILITY STUDY COST ESTIMATES
A - SOIL REMEDIATION (QUENDALL PROBABLE LEAST)

PORT QUENDALL DEVELOPMENT

Material Handling Assumptions:
Quendall Pond
Former May Creek
North Sump
Still House

Capping Area Assumptions:
Total Area Exceeding Method B
Area to be Capped with Liner and Fill
Area Covered by Development Features
Area to be Capped with 3 feet of Clean Fill

Cost Estimating Parameters & Methodology:
Interest Rate
Soil Density (in situ)

Excavation and Backfilling
Mobilization
Excavation/Stockpiling
Excavation/Backfill Rate
Dewatering System Install
Dewatering Treatment
Dewatering Discharge to METRO
Temporary Steel Piling
3ackfill and Compact On-Site Soil

Mobilization
Asphalt Capping
Clean Fill Capping
Liner and Fill Capping

DNAPL Recovery - Bioslurry Trenching
Mobilization
Trenching, Backfill
Sumps, Pumps, Piping, Controls, Installed

Soil Treatment
On-Sile Thermal Treatment
Off-Site Incineration
In Situ Stabilization

InSitu Stabilization Rate
Institutional Controls

Public Education Program
Maintaining O&M Plans
Deed Restrictions

Analytical Costs per Excavation Area
Excavation Confirmation
Soil Treatment QA/Cap QA

Engineering. Procurement & Construction Management
Contingency

8,210 cy
5,930 cy

20,010 cy

Overburden
6,910 cy

15,210 cy
13,740 cy
22,690 cy

877,060 sf
220,530 sf
438,530 sf
218,000 sf

8.0%
1.40 tons/cy

550,000
$8.00 percy
1,000 cy per day

$10,000 per well
$200,000 x (gpm/SO^.S

S0.006 per gal
$15 persf

$5.00 percy

$50,000
$1.00 persf
$1.00 persf
$2.00 persf

$50,000 LS
$40 persf

$20,000 each

$ 100,000 mobilization, plus
$750 per ton

$ 150,000 per rig Mobilization
$30,000 Instability

400 cy per rig per shift

$20,000 originally, plus
$8,000 originally, plus
$5,000 originally

$20,000 LS
$10,000 LS

12% of capital
15% of capital

Impacted Volume Surface Area
14,900 cy 34,300 sf

38,780 sf
32,260 sf

115,190 sf
220,530 sf

S0.003 per gallon carbon rege

2.0% of capital cost
1.0% of capital cost
1.0% of capital cost

10.0% of capital cost

S40 per ton

$60 per cy

$1,000 per year
$800 per year

CP 001092



COST ESTIMATE FOR
SOIL TREATMENT - MOBILIZATION/SITE PREPARATION

EXCAVATION AND ON-SITE THERMAL

Capital Items
Excavation and On-Site Treatment
Mobilization
Dewatering Treatment System, Purchase
On-Site Thermal Treatment, Mobilization
Institutional Controls
Public Education Program
Maintaining O&M Plans
Deed Restrictions

Dewatering Rate 50 gpm

Quantity Units

LS
LS
LS

LS
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs • Years
Institutional Controls
Public Education Program 30
Maintaining O&M Plans 30" ;

Total Present Worth, Longer Term O&M Costs:

Total Project Capital and O & M Cost:

Annual Cost

1000
800

Cost

$50,000
200,000
100,000

20,000
8,000
5,000

$383,000
45,960
57.450

$486,410

Cost

1-1,258
9.006

$20,264

5506,674

CP 001093



COST ESTIMATE FOR
QUENDALL POND SOIL TREATMENT

EXCAVATION AND ON-SITE THERMAL

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/on-site Soil
Dewatering System Install
Dewatering Treatment - Carbon Regen
Dewatering Discharge
Temporary Steel Piling
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Dewatering Rate 24 gpm

Quantity Units

21,810
21,810

8
1,507,507
1,507,507

15,000
20,860

I
1

cy
cy

well
gal
gal
sf

ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency: ,

Total Capital:

Total Project Capital and O & M Cost:

Cost

$174,480
109,050
80,000

4,523
9,045

225,000
834,400
20,000
10,000

$1,466,498
175,980
219.975

$1,862,452

$1,862,452

CP 001094



COST ESTIMATE FOR
FORMER MAY CREEK SOIL TREATMENT

EXCAVATION AND ON-SITE THERMAL

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/on-site Soil
Dewatering System Install
Dewatering Treatment - Carbon Regen
Dewatering Discharge
Temporary Steel Piling
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Dewatering Rate 32 gpm

Quantity Units

23,420
23,420

8
2,158,387
2,158,387

9,000
11,494

1
1

cy
cy

well
gal
gal
sf

ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$187,360
117,100
80,000

6,475
12,950

135,000
. 459,760

20,000
10,000

$1,028,645
123,437
154.297

$1,306,380

$1,306,380

CP 001095



COST ESTIMATE FOR
NORTH SUMP SOIL TREATMENT

EXCAVATION AND ON-SITE THERMAL

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/on-site Soil
Dewatering System Install
Dewatering Treatment - Carbon Regen
Dewatering Discharge
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Dewatering Rate 34 gpm

Quantity Units

19,670
19,670

8
1,926,086
1,926,086

8,302
1
1

cy
cy

well
gal
gal
ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$157,360
98,350
80,000
5,778

11,557
332,080
20,000
10.000

$715,125
85,815

107.269

$908,208

$908,208

CP 001096



COST ESTIMATE FOR
STILL HOUSE SOIL TREATMENT

EXCAVATION AND ON-SITE THERMAL

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/qn-site Soil
Dewatering; System Install
Dewatering Treatment - Carbon Regen
Dewatering Discharge
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Dewatering Rate 25 gpm

Quantity Units

42,700
42,700

8
3,074,400
3,074,400

28,014
1
1

cy
cy

well
gal
gal
ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$341,600
213,500
80,000

9,223
18,446

1,120,560
20,000
10.000

$1,813,330
217,600
271,999

$2,302,929

$2,302,929

CP 001097



COST ESTIMATE FOR
SITE CAPPING

MOBILIZATION/SITE PREPARATION

Capital Items
Mobilization

Quantity Units
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency.

Total Capital:

Total Project Capital and O & M Cost:

Cost
$50,000

$50,000
6,000
7.500

$63,500

$63,500

QUENDALL POND

Capital Items
Cap with Liner and Fill
Upland Offloading of Cedar River Sediment
Capping QA/QC

Quantity Units
34,300' sf
3,811 cy

I LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of Cap

Years
30

Total Present Worth, Longer Term 0 & M Costs:

Total Project Capital and O & M Cost:

Annual Cost
869

Cost
$68,600

$8,341
10,000

$86,941
10,433
13,041

$110,415

Cost
9.788

$9,788

$120,203

FORMER MAY CREEK

Capital Items
Cap with Liner and Fill
Upland Offloading of Cedar River Sediment
Capping QA/QC

Quantity Units
38,780 sf
4,309 cy

1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of Cap

Years
30

Total Present Worth, Longer Term 0 & M Costs:

Total Project Capital and 0 & M Cost:

Annual Cost
970

CP 001098

Cost
$77,560

$9,431
10.000

$96,991
11,639
14.549

$123,178

Cost
10,919

$10,919

S134,097



COST ESTIMATE FOR
SITE CAPPING

NORTH SUMP

Capital Items
Cap with Liner and Fill
Upland Offloading of Cedar River Sediment
Capping QA/QC

Quantity Units
32,260 sf
3,584 cy

1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of Cap

Years
30

Annual Cost
824

Total Present WoiUi, Longer Term O & M Costs:

Total Project Capital and O & M Cost:

STILL HOUSE

Capital Items
Cap with Liner and Fill
Upland Offloading of Cedar River Sediment
Capping QA/QC

Quantity Units
115,190 sf
12,799 cy

I LS

Direct Capital: •
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of Cap

Years
30

Total Present Worth, Longer Tenn O & M Costs:

Total Project Capital and O & M Cost:

Annual Cost
2,684

Cost
$64,520

$7,845
10.000

$82,365
9,884

12.355

$104,604

Cost
9,272

$9,272

$113,876

Cost
$230,380

$28,013
10.000

$268,393
32,207'
40.259

$340,859

Cost
30.215

$30,215

$371,074

CP 001099



COST ESTIMATE FOR
SITE CAPPING

REMAINDER OF METHOD B EXCEEDANCE AREAS

Capital Items
Cap with 3 feet of Clean Fill
Upland Offloading of Cedar River Sediment
Capping QA/QC

Quantity Units
218,000 sf
24,222 cy

1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of Cap

Years
30

Annual Cost
2,810

Total Present Wortli, Longer Term 0 & M Costs:

Total Project Capital and O & M Cost:

Cost
$218,000
$53,015

10,000

$281,015
33,722
42.152

$356,889

Cost
31.636

$31,636

$388,525

CP 001100



MOBIIIZATION/SITE PREPARATION
Capital Items

Mobilization

COST ESTIMATE FOR
DNAPL RECOVERY

Quantity Units
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost-

Cost
$50,000

$50,000
6,000
7.500

$63,500

$63,500

QUENDALLPOND

Capital Items
Trench Construction
Soil Treatment
Sumps, Pumps, etc.

Quantity Units
7,500 sf
1,167 ton

1 ea

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of System

Total Present Worth, Longer Term 0 & M Costs:

Total Project Capital and O & M Cost:

Cost
$300,000

$46,667
20.000

$366,667
44,000
55.000

$465,667

Years
30

& M Costs:

Cost:

Annual Cost
36,667

Cost
412,785

$412,785

$878,452

CP 001101



FORMER MAY CREEK

Capital Items
Trench Construction
Soil Treatment
Sumps, Pumps, etc.

COST ESTIMATE FOR
DNAPL RECOVERY

Quantity Units
3,750 sf
583 ton

1 ea

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of System

Years
30

Total Present Worth, Longer Term 0 & M Costs:

Total Project Capital and O & M Cost:

Annual Cost
19,333

Cost
$150,000
$23,333
20.000

$193,333
23,200
29.000

$245,533

Cost
217.650

$217,650

5463,184

NORTH SUMP

Capital Items
Trench Construction
Soil Treatment
Sumps, Pumps, etc.

Quantity Units
3,750 sf
583 ton

1 ea

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of System

Years
30

Total Present Worth, Longer Term O & M Costs:

Total Project Capital and O & M Cost:

Annual Cost
19,333

Cost
$150,000

$23,333
20.000

$193,333
23,200
29.000

$245,533

Cost
217.650

$217,650

$463,184

CP 001102



COST SUMMARY
A - SOIL REMEDIATION

PORT QUENDALL DEVELOPMENT

SOIL TREATMENT
Mobilization/Site Prep
QuendallPond
Former-May Creek Channel
North Sump
Still House

$506,674
$1,862,452
$1,306,380

$908,208
$2.302.929
$6,886,643

CAPPING
Mobilization/Site Prep
Quendall Pond
Former May Creek Channel
North Sump
Still House
Remainder of Method B Exceedance Areas

$63,500
$120,203
$134,097
$113,876
$371,074
$388.525

$1,191,275

DNAPL RECOVERY
Mobilization/Site Prep
Quendall Pond
Former May Creek Channel
North Sump

$63,500
$878,452
$463,184
$463.184

$1,868,320

CP 001103



FEASIBILITY STUDY COST ESTIMATES
D - CONTAINMENT WALL

PORT QUENDALL DEVELOPMENT

UPLAND WALL

Capital Items
Mobilization
Slurry Wall Installation
QA/QC
Spoils Management
Upland Handling
Treatment

Quantity Units
1

42,000
1

4,667
6,533

LS
sf

LS

CY
TON

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost
$100,000
$504,000

50,000

$23,333
326.667

$1,004,000
100,400
150.600

$1,255,000

$1,255,000

NEARSHORE WALL

Capital Items
Mobilization
Steel Pile Wall Installation
QA/QC

Quantity Units
1 LS

45,000 sf
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost
$100,000
$855,000

50.000

$1,005,000
100,500
150.750

$1,256,250

SI,256,250

CDF OUTER WALL

Capital Items
Mobilization
Steel Pile Wall Installation
QA/QC

Quantity Units
1 " LS

48,000 sf
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

ToUil Capital:

Total Project Capital and O & M Cost:

Cost
$ 100,000
$912,000

50,000

$1,062,000
106,200
159,300

$1,327,500

$1,327,500

CP 001104



COST SUMMARY
C - GROUND WATER/D - CONTAINMENT WALL

PORT QUENDALL DEVELOPMENT

GROUNDWATER
Biosparging $999,167
Groundwater Extraction $3,331,404
Institutional Control & Monitoring $974,559

CONTAINMENT WALL
Upland Wall $1,255,000
Nearshore Wall $ 1,256,250
CDF Outer Wall $1,327,500

CP 001105



FEASIBILITY STUDY COST ESTIMATES
A - SOIL REMEDIATION (QUENDALL PROBABLE UPPER)

PORT QUENDALL DEVELOPMENT

Material Handling Assumptions:
Quendall Pond
Former May Creek
North Sump
Still House

Capping Area Assumptions:
Total Area Exceeding Method B
Area to be Capped with Liner and Fill
Area Covered by Development Features
Area to be Capped with 3 feet of Clean Fill

Cost Estimating Parameters & Methodology:
Interest Rate
Soil Density (in situ)

Excavation and Backfilling
Mobilization
Excavation/Stockpiling
Excavation/Backfill Rate
Dewatering System Install
Dewatering Treatment
Dewatering Discharge to METRO
Temporary Steel Piling
3ackfill and Compact On-Site Soil

Mobilization
Asphalt Capping
Clean Fill Capping
Liner and Fill Capping

DNAPL Recovery - Bioslurry Trenching
Mobilization
Trenching, Backfill
Sumps, Pumps, Piping, Controls, Installed

Soil Treatment
On-Site Thermal Treatment
Off-Site Incineration
In Situ Stabilization

InSitu Stabilization Rate
Institutional Controls

Public Education Program
Maintaining O&M Plans
Deed Restrictions

Analytical Costs per Excavation Area
Excavation Confirmation
Soil Treatment QA/Cap QA

Engineering. Procurement & Construction Management
Contingency

13,957 cy
10,081 cy
34,017 cy

Overburden
11,747 cy
25,857 cy
23,358 cy
38,573 cy

1,000,000 sf
220,530 sf
500,000 sf
279,470 sf

8.0%
1.40 tons/cy

$100,000
$8.00 percy
1,000 cy per day

$10,000 per well
$200,000 x (gpm/SO^.S

S0.012 per gal
$15 persf

$5.00 percy

$50,000
$1.00 persf
$1.00 persf
$2.00 persf

$50,000 LS
$40 persf

$20,000 each

$100,000 mobilization, plus
$750 per ton

$150,000 per rig Mobilization
$30,000 treatability

400 cy per rig per shift

$20,000 originally, plus
$8,000 originally, plus
$5,000 originally

$20,000 LS
$10,000 LS

12% of capital
15% of capital

Impacted Volume Surface Area
25,330 cy 34,300 sf

38,780 sf
32,260 sf

115.190 sf
220,530 sf

S0.008 per gallon carbon rege

2.0% of capital cost
1.0% of capital cost
1.0% of capital cost

10.0% of capital cost

S50 per ton

$60 percy

$1,000 per year
$800 per year

CP 001106



COST ESTIMATE, FOR
SOIL TREATMENT -MOBILIZATION/SITE PREPARATION

EXCAVATION AND ON-SITE THERMAL

Capital Items
Excavation and On-Site Treatment
Mobilization
Dewatering Treatment System, Purchase
On-Site Thermal Treatment, Mobilization
Institutional Controls
Public Education Program
Maintaining O&M Plans
Deed Restrictions

Dewatering Rate 50 gpm

Quantity Units

1 LS
1 LS
1 LS

1

LS
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs Years
Institutional Controls
Public Education Program 30
Maintaining O&M Plans 30

Total Present Worth, Longer Term O&M Costs:

Total Project Capital and O&M Cost::-

Annual Cost

1000
800

Cost

$100,000
200,000
100,000

20,000
8,000

.. 5,000

$433,000
51,960
64,950

$549,910

Cost

11,258
9.006

$20,264

$570,174
V

CP 001107



COST ESTIMATE FOR
QUENDALL POND SOIL TREATMENT

EXCAVATION AND ON-SITE THERMAL

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/on-site Soil
Dewatering System Install
Dewatering Treatment - Carbon Regen
Dewatering Discharge
Temporary Steel Piling
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Dewatering Rate 48 gpm

Quantity Units

37,077
37,077

8
5,125,524
5,125,524

15,000
35,462

1
I

cy
cy

well
gal
gal
sf

ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency.

Total Capital:

Total Project Capital and O & M Cost:

Cost

$296,616
185,385
80,000
41,004
61,506

225,000
1,773,100

20,000
10,000

$2,692,611
323,113
403,892

$3,419,617

$3,419,617

CP 001108



COST ESTIMAT&FOR
FORMER MAY CREEK SOIL TREATMENT

EXCAVATION AND ON-SITE THERMAL

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/ori-site Soil
Dewatering System Install
Dewatering Treatment - Carbon Regen
Dewatering Discharge
Temporary Steel Piling
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Quantity Units

39,814
39,814

8
7,338,516
7,338,516

9,000
19,540

1
1

cy
cy

well
gal
gal
sf

ton
LS
LS

Dewatering Rate 64 gpm

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$318,512
199,070
80,000
58,708
88;062

.135,000
976,990

20,000
10,000

"$1,886,342
226,361
282.951

$2,395,655

52,395,655

CP 001109



COST ESTIMATE FOR
NORTH SUMP SOIL TREATMENT

EXCAVATION AND ON-SITE THERMAL

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/on-site Soil
Dewatering System Install
Dewatering Treatment - Carbon Regen
Dewatering Discharge
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Dewatering Rate 68 gpm

Quantity Units

33,439
33,439

8
6,548,694
6,548,694

14,113
1
1

cy
cy

well
gal
gal
ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$267,512
167,195
80,000
52,390
78,584

705,670
20,000
10.000

$1,381,351
165,762
207,203

$1,754,316

$1,754,316

CP 001110



COST ESTIMATE FOR ,
STILL HOUSE, SOIL TREATMENT

EXCAVATION AND ON-SITE THERMAL

Capital Items
Excavation and On-Site Treatment
Soil Excavation
Backfilling w/on-site Soil
Dewatering System Install
Dewatering Treatment - Carbon Regen
Dewatering Discharge
On-Site Thermal Treatment
Excavation Confirmation
Soil Treatment QA

Dewatering Rate 50 gpm

Quantity Units

72,590
72,590

8
10,452,960
10,452,960

47,624
1
1

cy
cy

well
gal
gal
ton
LS
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$580,720
362,950,
80,000.
83,624
125,436

2,381,190
20.0QO,
10.000

$3,643,919
437,270
546.588

$4,627.777

$4,627,777

CP 001111



COST ESTIMATE FOR
SITE CAPPING

MOBILIZATION/SITE PREPARATION

Capital Items
Mobilization

Quantity Units
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost
$50.000

$50,000
6,000
7.500

$63,500

$63,500

QUEND ALL POND

Capital Items
Cap with Liner and Fill
Upland Offloading of Cedar River Sediment
Capping QA/QC

Quantity Units
34,300 sf
3,811 cy

1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of Cap

Years
30

Total Present Worth, Longer Term 0 & M Costs:

Total Project Capital and O & M Cost:

Annual Cost
869

Cost
$68.600

$8,341
10.000

$86,941
10,433
13.041

$110,415

Cost
9.788

$9,788

$120,203

FORMER MAY CREEK

Capital Items
Cap with Liner and Fill
Upland Offloading of Cedar River Sediment
Capping QA/QC

Quanti ty Units
38,780 sf
4,309 cy

I LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
laintenance of Cap

Years
30

Total Present Worth, Longer Temi 0 & M Costs:

Total Project Capital and O & M Cost:

Annual Cost
970

CP 001112

Cost
$77,560

$9,431
10,000

$96,991
11,639
14,549

$123,178

Cost
10,919

$10,919

S 134,097



COST ESTIMATE FOR
SITE CAPPING

NORTH SUMP

Capital Items
Cap with Liner and Fill
Upland Offloading of Cedar River Sediment
Capping QA/QC

Quantity Units
32.260 sf
3,584 cy

1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of Cap

Years
30

Annual Cost
824

Total Present Worth, Longer Term 0 & M Costs:

Total Project Capital and O & M Cost:

STILL HOUSE

Capital Items
Cap with Liner and Fill
Upland Offloading of Cedar River Sediment
Capping QA/QG

Quantity Units
115,190 sf
12,799 cy

1 LS

Direct Capital: -
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of Cap

Total Present Worth, Longer Term O & M Costs:

Total Project Capital and O & M Cost:

Cost
$64,520
$7,845
10.000

$82,365
9,884
12.355

$104,604

Cost
9.272

$9,272

$113,876

Cost
$230,380
$28,013
10,000

$268,393
32,207
40.259

$340,859

Years
30

& M Costs:

Cost:

Annual Cost
2,684

Cost
30,215

$30,215

$371,074

CP 001113



COST ESTIMATE FOR
SITE CAPPING

REMAINDER OF METHOD B EXCEEDANCE AREAS

Capital Items
Cap with 3 feet of Clean Fill
Upland Offloading of Cedar River Sediment
Capping QA/QC

Quantity Units
279,470 sf
31,052 cy

1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of Cap

Years
30

Annual Cost
3,574

Total Present Worth, Longer Term 0 & M Costs:

Total Project Capital and O & M Cost:

Cost
$279,470
$67,963

10.000

$357,433
42,892
53.615

$453,940

Cost
40,239

$40,239

$494,179

CP 001114



COST ESTIMATE FOR
DNAPL RECOVERY

MOBILIZATION/SITE PREPARATION
Capital Items

Mobilization
Quantity Units

1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost
$50,000

$50,000,
6,000
7.500

$63,500

$63,500

QUENDALL POND

Capital Items
Trench Construction
Soil Treatment
Sumps, Pumps, etc. .-

Quantity Units
7,500 sf
1,167 ton

1 ea

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of System

Total Present Worth, Longer Term O & M Costs:

Total Project Capital and O & M Cost:

Cost
$300,000
$58,333

20,000

$378,333
45,400
56.750

$480,483

Years
30

& M Costs:

~ost:

Annual Cost
37,833

Cost
425,919

$425,919

$906,403

CP 001115



FORMER MAY CREEK

Capital Items
Trench Construction
Soil Treatment
Sumps, Pumps, etc.

COST ESTIMATE FOR
DNAPL RECOVERY

Quantity Units
3,750 sf
583 ton

1 ea

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of System

Years
30

Total Present Worth, Longer Term 0 & M Costs:

Total Project Capital and O & M Cost:

Annual Cost
19,917

Cost
$150,000
$29,167

2Q,OOCL

$199,167
23,900
29,87 5_

$252,942

Cost
224,218_

$224,218

5477,159

NORTH SUMP

Capital Items
Trench Construction
Soil Treatment
Sumps, Pumps, etc.

Quantity Units
3,750 sf
583 ton

1 ea

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Present Worth of Longer Term Operating Costs
Maintenance of System

Years
30

Total Present Worth, Longer Term 0 & M Costs:

Total Project Capital and O & M Cost:

Annual Cost
19,917

Cost
$150,000

$29,167
20,000_

$199,167
23,900
29,875,

$252,942

Cost
224,21£L

$224,218

$477,159

CP 001116



COST SUMMARY
A - SOIL REMEDIATION

PORT QUENDALL DEVELOPMENT

SOIL TREATMENT
Mobilization/Site Prep
Quendall Pond
Former May Creek Channel
North Sump
Still House

EXCAVATION
& THERMAL

$570,174
$3,419,617
$2,395,655
$1,754,316
$4,627,777
**********

CAPPING
Mobilization/Site Prep
Quendall Pond
Former May Creek Channel
North Sump
Still House
Remainder of Method B Exceedance Areas

DNAPL RECOVERY
Mobilization/Site Prep
Quendall Pond
Former May. Creek Channel
North Sump

$63,500
$120,203
$134,097
$113,876
$371,074
$494,179,

$1,296,930

$63,500
$906,403
$477,159
$477,159

$1,924,221

CP 001117



FEASIBILITY STUDY COST ESTIMATES
B - SEDIMENT REMEDIATION (QUENDALL PROBABLE LEAST)

PORT QUENDALL DEVELOPMENT

Dredge Volume
12,400 cy
4,840 cy

16,640 cy
19,540 cy
48,200 cy

104,300 cy

1.40 tons/cy
1.00 tons/cy
1.20 tons/cy

55%
50%
30%

Material Handling Assumptions:
T-Dock
Nearshore (2.9 acre CDF)
Nearshore (0.5 acre containment)
Nearshore (to 6 ft below mud line)
Wood Waste
Grey Zone
CDF Wall
Nearshore Containment (0.5 acres)
Enhanced Natural Recovery

Sediment Density - After dewatering
Wood Waste Density
Grey Zone Density

Mechanical Dredging
Initial Moisture Content (% mass - PAH only)
Moisture Content After Barge
Moisture Content After Dewatering

Cost Estimating Parameters & Methodology:
Interest Rate 8.0%

Dredging - Mechanical
Mobilization - Equipment $80,000 per dredge
Mobilization - Silt Curtain $35,000
Mobilization - Watertight Barge $110,000 ea
Shift Rate (8 hours) - Dredging $5,600 per shift
Shift Rate (8 hours) - Offloading $2,900 per shift
Jebris Sweep Wash System $38,000
Debris Sweep Area 5 acres
Debris Sweep Rate 1 acres per shift
Clean/Wood Waste Dredging & Offloading Rate 1,325 cy per shift
Clean/Wood Waste Dredge/Offload Shift Rate $8,000 per shift
Contaminated Dredging Rate 250 cy per shift
Contaminated Upland Offloading Rate 500 cy per shift
Ill-Water Thin Layer Fill ing Rate 1,000 cy per shift
In-Water Bulk Filling Rate 1,500 cy per shift
Average Water Generation Rate 26 gpm

Upland Management
Mobilization/Site Prep $50,000
Mechanical Dredge Dewatering Cell
Dewatering Cell Construction

Soil Holding Time
Soil Stockpile Height

Dewalering Treatment
Water Discharge to METRO
Upland Handling
Excavation - Baxter Cove
Backfilling and Compaction

Sediment Treatment
On-Site Thermal Treatment
Off-Site Thermal Treatment, incl. transport
On-Site Recycling of Wood Waste

Natural Recovery Monitoring

Fill Volume
12,400 cy
4,840 cy

16,640 cy
19,540 cy

0 cy
0 cy

25,000 cy
20,000 cy
26,100 cy

Woodwaste/Grey Zone 60%

$2 per sf
3 days
3 feet

$200,000 x (gpm/50)/N0.5
$0.006 per gal

$5 per cy
$10 percy

$7 percy

$100,000 mobilization, plus
$4,500 setup/profiling +
$12.00 percy

$38,000 per year

$0.003 per gal carbon regen

S40 per ton
$45 per ton

$21,000 sampling/analytical
$7,000 QA/Reporting

$10,000 SPI Camera

Dredge Monitoring $20,000
Sediment Treatment QA $20,000

Engineering. Procurement & Construction Management 12% of capital
Contingency 15% of capital
Contractor Overhead/Profit 15% of capital

CP 001118



COST ESTIMATE FOR
MOBILIZATION/SITE .PREPARATION

Capital Items
Upland Mobilization/Site Prep
Dewatering Cell Construction
Water Tighten Barges

Quantity
1

54,000
3

Units
LS
sf

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Total Project Capital and O & M Cost:

Cost
$50,000

$108,000
$330,000

$330,000
39,600
49,500
49,500

$468,600

$468,600

COST ESTIMATE FOR
REMOVE/RECYCLE WOOD WASTE

Capital Items
Pre-Dredge Debris Sweep
Mobilization
Water Tighten Barges
Debris Sweep Wash Area
Dredging
Offloading
Dredging
Mobilization
Dredging/Offloading/Screening
Dredge Monitoring
Upland Management
Upland Handling
On-Site Recycling

Quantity Units

1

1

1

5
1

1

48,200
1

48,200
48,200

ea
ea
ea

acres
LS

ea
cy
LS

cy
cy

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$115,000
$110,000
$38,006:

$28/000;'
$i4;ooo

$115,000'
$291,019
$20,000

241,000
57830'Q

$1,550,419
186,050
232,563
232.563

$2,201,595

$2,201,595
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COST ESTIMATE FOR
GREY ZONE DREDGING

Capital Items
Dredging
Mobilization
Dredging/Offloading/Screening
Dredge Monitoring
Upland Management
Upland Handling
On-Site Recycling

Quantity Units

1
104,300

1

104,300
104,300

ea
cy
LS

cy
cy

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Total Project Capital and O & M Cost:

Cost

3115,000
$629,736
320,000

521,500
1,251.600

$2,537,836
304,540
380,675
380.675

$3,603,727

53,603,727

COST ESTIMATE FOR
GREY ZONE NATURAL RECOVERY

Present Worth of Longer Term Operating Costs
Natural Recovery Monitoring

Total Project Capital and O & M Cost:

Years
10

) & M Costs:

Cost:

Annual Cost
38,000

Cost
254,983

$254,983

$254,983

COST ESTIMATE FOR
GREY ZONE ENHANCED NATURAL RECOVERY

Capital Items
Sediment Placement

Quantity Units
26,100 cy

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Present Worth of Longer Term Operating Costs
Natural Recovery Monitoring

Total Project Capital and O & M Cost:

Cost
146,160

$146,160
17,539
21,924
21,924

$207,547

Years
10

) & M Costs:

Cost:

Annual Cost
38,000

Cost
254,983

$254,983

$462,530
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COST ESTIMATE FOR
CONSTRUCT CDF (2.9 acres), DREDGE & PLACE T-DOCK & NEARSHORE

Capital Items
CDF Construction
Pre-Placement Blanket
Sediment Placement
Dredging
Mobilization
Dredging
Place in CDF
Cap CDF
Backfill Dredge Area
Dredge Monitoring
Dewatering
Water Treatment
Air Sparging System
Mobilization
Air Sparging Wells
Air Injection Blower, Controls, etc.

Quantity Units

2,500
25,000

1
17,240
17,240
5,000
17,240

1

cy
cy

ea
cy
cy
cy
cy
LS

1,446,613 gal

1
40
1

LS
ea
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Present Worth of Longer Term Operating Costs
Operation and Maintenance

Total Project Capital and O & M Cost:

Cost

$7,250
$48,333

$115,000
$386,176
$49,996
14,500

$49,996
$20,000

4,340

$50,000
$400,000
$68.922

$1,214,513
145,742
182,177
182.177

$1,724,609 .

Years
30

)&M Costs:

Cost:

Annual Cost
72,87:1

Cost
820,364

$820,364

$2,544,972
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COST ESTIMATE FOR
NEARSHORE CONTAINMENT (0.5 acres), DREDGE & TREAT NEARSHORE TOE

Capital Items Quantity Units Cost
Pre-Placement Blanket 2,500 cy $7,250
Clean Fill Placement 20,000 cy $38,667
Dredging
Mobilization 1 ea $115,000
Dredging 16,640 cy $372,736
Upland Offloading 16,640 cy $96,512
Dredge Area Backfill 16,640 cy $48,256
Dredge Monitoring 1 LS $20,000
Dewatering
Water Treatment 1,396,267 gal 4,189
Treatment
Upland Handling 16,640 cy $83,200
On-Site Thermal 23,296 ton 931.840

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Total Project Capital and O & M Cost:

COST ESTIMATE FOR
T-DOCK DREDGING & TREATMENT

$1,7-17,649
206,118
257,647
257,647

$2,439,062

S2,439,062

Capital Items
Dredging
Mobilization
Dredging
Upland Offloading
Dredge Area Backfilling
Dredge Monitoring
Dewatering
Water Treatment
Treatment
Upland Handling
On-Site Thermal

Quantity Units

I
12,400
12,400
12,400

1

1,040,487

12,400
17,360

ea
cy
cy

.cy
LS

gal

cy
ton

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Totiil Project Capital and O & M Cost:

Cost

$115,000
$277,760
$71,920
$35,960
$20,000

3,121

$62,000
694,400

$1,280,161
153,619
192,024
192,024

$1,817,829

51,817,829

CP 001122



COST ESTIMATE FOR ,
NEARSHORE DREDGING.& TREATMENT (6 ft below mud line)

Capital Items
Dredging
Mobilization
Dredging
Upland Offloading
Dredge Area Backfilling
Dredge Monitoring
Dewatering
Water Treatment
Treatment
Upland Handling
On-Site Thermal

, Capital Items
Wetland Replacement

Quantity Units

1
19,540
19,540
19,540

1

1,639,606

19,540
27,356

ea
cy
cy
cy
LS

gal

cy
ton

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Total Project Capital and O & M Cost:

COST ESTIMATE FOR
MITIGATION - WETLAND REPLACEMENT

Quantity Units
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$115,000
$437,696
$113,332
$56,666
$20,000

4,919

$97,700
1.094.240

$1,939,553
232,746
290,9-33
290,933

$2,754,165

$2,754,165

Cost
$400,000

$400,000
48,000
60,000

$508,000

$508,000

Capital Items
Gypsy Creek Realignment

COST ESTIMATE FOR
MITIGATION - GYPSY CREEK REALIGNMENT

Quantity Units
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost
400,000

$400,000
48,000
60.000

.$508,000

$508,000
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Capital Items
2.9 acre Mitigation

COST ESTIMATE FOR
MITIGATION - FOR CDF (2.9 acres)

Quantity Units
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost
$400,000

$400,000
48,000
60.000

$508,000

$508,000

Capital Items
0.5 acre Mitigation

COST ESTIMATE FOR
MITIGATION - FOR NEARSHORE CONTAINMENT CELL

Quantity Units Cost
1 LS 400,000

Direct Capital: $400,000
Engineering, Procurement & Construction Management: 48,000
Contingency: 60,000

Total Capital: $508,000

Total Project Capital and O & M Cost: $508,000
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COST SUMMARY
B - SEDIMENT REMEDIATION/MITIGATION

PORT QUENDALL DEVELOPMENT

SEDIMENT REMEDIATION
Mobilization/Site Preparation $468,600
Remove/Recycle Wood Waste $2,201,595
Grey Zone Dredging $3,603,727
Grey Zone Natural Recovery $254,983
Grey Zone Enhanced Natural Recovery $462,530
Construct CDF (2.9 acres), Dredge & Place T-Dock and Nearshore $2,544,972
Nearshore Containment (0.5 acres), Dredge and Treat Nearshore Toe $2,439,062
T-Dock Dredging & Treatment $ 1.817,829
Nearshore Dredging & Treatment (6 ft below mud line) $2,754,165

MITIGATION
Wetland Replacement $508,000
Gypsy Creek Realignment $508,000
For CDF (2.9 acres) $508,000
For Nearshore Containment Cell (0.5 acres) $508,000
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FEASIBILITY STUDY COST ESTIMATES
B - SEDIMENT REMEDIATION (QUENDALL PROBABLE UPPER)

PORT QUENDALL DEVELOPMENT

Material Handling Assumptions:
T-Dock
Nearshore (2.9 acre CDF)
Nearshore (0.5 acre containment)
Nearshore (to 6 ft below inud line)
Wood Waste
Grey Zone
CDF Wall
Nearshore Containment (0.5 acres)
Enhanced Natural Recovery

Sediment Density - After dewatering
Wood Waste Density
Grey Zone Density

Mechanical Dredging
Initial Moisture Content (% mass - PAH only)
Moisture Content After Barge
Moisture Content After Dewatering

Cost Estimating Parameters & Methodology:
Interest Rate

Dredging - Mechanical
Mobilization - Equipment
Mobilization - Silt Curtain
Mobilization - Watertight Barge
Shift Rate (8 hours) - Dredging
"hift Rate (8 hours) - Offloading
Debris Sweep Wash System
Debris Sweep Area
Debris Sweep Rate
Clean/Wood Waste Dredging & Offloading Rate
Clean/Wood Waste Dredge/Offload Shift Rate
Contaminated Dredging Rate
Contaminated Upland Offloading Rate
In-Water Thin Layer Filling Rate
In-Water Bulk Filling Rate
Average Water Generation Rate

Upland Management
Mobilization/Site Prep
Mechanical Dredge Dewatering Cell
Dewatering Cell Construction

Soil Holding Tune
Soil Stockpile Height

Dewatering Treatment
Water Discharge to METRO
Upland Handling
Excavation - Baxter Cove
Backfilling and Compaction

Sediment Treatment
On-Site Thermal Treatment
Off-Site Thermal Treatment, incl. transport
On-Site Recycling of Wood Waste

Natural Recovery Monitoring

l Costs
Dredge Monitoring
Sediment Treatment QA

Engineering. Procurement & Construction Management
Contingency
Contractor Overhead/Profit

Dredge Volume
21,080 cy
8,228 cy

28,288 cy
33,218 cy
81,940 cy

177,310 cy

1.40 tons/cy
1.00 tons/cy
1.20 tons/cy

55%
50%
30%

Fill Volume
21,080 cy

8,228 cy
28,288 cy
33,218 cy

0 cy
0 cy

25,000 cy
20,000 cy
26,100 cy

Woodwaste/Grey Zone 60%

8.0%

$80,000
$35,000

$110,000
$5,600
$2,900

$38,000
5
1

1,325
$8,000

250
500

1,000
1,500

53

$50,000

per dredge

ea
per shift
per shift

acres
acres per shift
cy per shift
per shift
cy per shift
cy per shift
cy per shift
cy per shift
gpm

$2 persf
3 days
3 feet

$200,000 x (gpm/50)A0.5
S0.012 per gal

$5 per cy
$10 percy

$7 percy

$100,000 mobilization, plus
$4,500 setup/profiling +
$12.00 percy

$38,000 per year

$20,000
$20,000

12% of capital
15% of capital
15% of capital

$0.008 per gal carbon regen

$50
$45

per ton
per ton

$21,000 sampling/analytical
$7,000 QA/Reporting

$10,000 SPI Camera
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Capital Items
Upland Mobilization/Site Prep
Dewatering Cell Construction
Water Tighten Barges

COST ESTIMATE FOR
MOBILIZATION/SITE PREPARATION

Quantity Units
1 LS

54,000 sf
3 ea

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Total Project Capital and O & M Cost:

Cost
$50,000
$108,000
$330,000

$330,000
39,600
49,500
49,500

$468,600

$468,600

COST ESTIMATE FOR
REMOVE/RECYCLE WOOD WASTE

Capital Items
Pre-Dredge Debris Sweep
Mobilization
Water Tighten Barges
Debris Sweep Wash Area
Dredging
Offloading
Dredging
Mobilization
Dredging/Offloading/Screening
Dredge Monitoring
Upland Management
Upland Handling
On-Site Recycling

Quantity Units

1
1
1
5
1

1
81,940

1

81,940
81,940

ea
ea
ea

acres
LS

ea
cy
LS

cy
cy

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$115,000
$110,000
$38,000
$28,000;

$14,000

$115,000
$494,732
$20,000

409,700
983.280

$2,327,712-'
279,325
349,157
349.157

$3,305,351

53,305,351
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COST ESTIMATE FOR
GREY ZONE DREDGING

Capital Items
Dredging
Mobilization
Dredging/Offload iiig/Screening
Dredge Monitoring
Upland Management
Upland Handling
On-Site Recycling

Quantity Units

1
177,310

1

177,310
177,310

cy
LS

cy
cy

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$115,000
$1,070,551

$20,000

886,550
2.127,720

$4,219,821
506,379
632,973
632,973

$5,992,146

$5,992,146

COST ESTIMATE FOR
GREY ZONE NATURAL RECOVERY

Present Worth of Longer Term Operating Costs
Natural Recovery Monitoring

Total Project Capital and O & M Cost:

Years
10

) & M Costs:

Cost:

Annual Cost
38,000

Cost
254,983

$254,983

$254,983

COST ESTIMATE FOR
GREY ZONE ENHANCED NATURAL RECOVERY

Capital Items
Sediment Placement

Quantity Units
26,100 cy

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Present Worth of Longer Term Operating Costs
Natural Recovery Monitoring

Total Project Capi ta l and O & M Cost:

Cost
146,160

$146,160
17,539
21,924
21,924

$207,547

Years
10

) & M Costs:

Cost:

Annual Cost
38,000

Cost
254,983

$254,983

S-462,530
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COST ESTIMATE FOR
CONSTRUCT CDF (2.9 acres), DREDGE & PLACE T-DOCK & NEARSHORE

Capital Items
CDF Construction
Pre-Placement Blanket
Sediment Placement
Dredging
Mobilization
Dredging
Place in CDF
Cap CDF
Backfill Dredge Area
Dredge Monitoring
Dewatering
Water Treatment
Air Sparging System
Mobilization
Air Sparging Wells
Air Injection Blower, Controls, etc.

Quantity Units

2,500
25,000

1
29,308
29,308
5,000

29,308
1

cy
cy

ea
cy
cy
cy
cy
LS

2,459,242 gal

1
40

LS
ea
LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Present Worth of Longer Term Operating Costs
Operation and Maintenance

Total Project Capital and O & M Cost:

Cost

$7,250
$48,333

$115,000
$656,499
$84,993
14,500

$84,993
$20,000

19,674

$50,000
$400,000

. $68.922

$1,570,165
188,420
235,525
235,525

' $2,229,634

Years
30

) & M Costs:

Cost:

Annual Cost
94',210

Cost
1,060,594

$1,060,594

$3,290,228
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COST ESTIMATE FOR
; NEARSHORE CONTAINMENT (0.5 acres), DREDGE & TREAT NEARSHORE TOE

Capital Items Quantity Units Cost
Pre-Placeinent Blanket 2,500 cy $7,250
Clean Fill Placement 20,000 cy $38,667
Dredging
Mobilization 1 ea $115,000
Dredging 28,288 cy $633,651
Upland Offloading 28,288 cy $164,070
Dredge Area Backfill 28,288 cy $82,035
Dredge Monitoring 1 LS $20,000
Dewatering
Water Treatment 2,373,653 gal 18,989
Treatment
Upland Handling 28,288 cy
On-Site Thermal 39,603 ton

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Total Project Capital and O & M Cost:

COST ESTIMATE FOR
T-DOCK DREDGING & TREATMENT

$141,440
1,980.160

$3,201,263
384,152
480,189
480.189

$4,545,793

$4,545,793

Capital Items
Dredging
Mobilization
Dredging
Upland Offloading
Dredge Area Backfilling
Dredge Monitoring
Dewatering
Water Treatment
Treatment
Upland Handling
On-Site Thermal

Quantity Units

1
21,080
21,080
21,080

1

1,768,828

2 1 ,080
29,512

ea
cy
cy
cy
LS

gal

cy
ton

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$115,000
$472,192
$122,264

$61,132
$20,000

14,151

$105,400
1,475.600

$2,385,739
286,289
357,861
357.861

$3,387,749

$3,387,749
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COST ESTIMATE FOR
NEARSHORE DREDGING & TREATMENT (6 ft below mud line)

Capital Items

Mobilization
Dredging | U1. '
Upland Offloading '.'
Dredge Area Backfilling
Dredge Monitoring
Dewatering
Water Treatment
Treatment
Upland Handling
On-Site Thermal

Capital Items
Wetland Replacement

Quantity Units

I
33,218
33,218
33,218

1

ea
cy
cy
cy
LS

2,787,331 gal

33,218
46,505

cy
ton

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:
Contractor Overhead/Profit:

Total Capital:

Total Project Capital and O & M Cost:

COST ESTIMATE FOR
MITIGATION - WETLAND REPLACEMENT

Quantity -Units
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost

$115,000
$744,083
$192,664

$96,332
$20,000

22,299

$166,090
2,325.260

$3,681,728
441,807
552,259
552.259

$5,228,054

$5,228,054

Cost
$400,000

$400,000
48,000
60.000

$508,000

$508,000

Capital Items
Gypsy Creek Realignment

COST ESTIMATE FOR
MITIGATION - GYPSY CREEK REALIGNMENT

Quantity Units
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost
400,000

$400,000
48,000
60,000

$508,000

$508,000
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\

Capital Items
2.9 acre Mitigation

COST ESTIMATE FOR •; M/UT
MITIGATION - FOR CDF (2.9 ^ccesfcJT .

Quantity Units
1 LS

Direct Capital:
Engineering, Procurement & Construction Management:
Contingency:

Total Capital:

Total Project Capital and O & M Cost:

Cost
$400,000

$400,000
48,000
'60.000

$508,000

$508,000

Capital Items
0.5 acre Mitigation

COST ESTIMATE FOR
MITIGATION - FOR NEARSHORE CONTAINMENT CELL

Quantity Units Cost
1 LS 400,000

Direct Capital: $400,000
Engineering, Procurement & Construction Management: 48,000
Contingency: 60.000

Total Capital: $508,000

Total Project Capital and O & M Cost: $508,000
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COST SUMMARY
B - SEDIMENT REMEDIATION/MITIGATION

PORT QUENDALL DEVELOPMENT

SEDIMENT REMEDIATION
Mobilization/Site Preparation $468,600
Remove/Recycle Wood Waste ' $3,305,351
Grey Zone Dredging ' $5,992,146
Grey Zone Natural Recovery $254,983
Grey Zone Enhanced Natural-Recovery $462,530
Construct CDF (2.9 acres), Dredge & Place T-Dock and Nearshore $3,290,228
Nearshore Containment (0:5 acres), Dredge and Treat Nearshore Toe $4,545,793
T-Dock Dredging & Treatment $3,387,749
Nearshore Dredging & Treatment (6 ft below mud line) $5,228,054

MITIGATION '
Wetland Replacement $508,000
Gypsy Creek Realignment $508,0.00
For CDF (2.9 acres) $508,000
For Nearshore Containment Cell (0.5 acres) $508,000
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